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SYNOPSIS 
A study has been made of a novel fluorescent and 
phosphorescent label 6-coumarinsulphonyl chloride (6-CSCl) 
based an the coumarin nucleus with a reactive group 
similar to dansyl chloride. The synthesis, analysis, 
derivatisation and application of the label to certain 
analytical problems have been studied. 
The label was obtained in a high state of purity by a 
straightforward sulphonation of the counarin nucleus. 
Characterisation of the label was carried out using mass 
spectrometry, NMR and IR, its purity was verified by 
elemental analysis. The label was found to be highly 
stable and react at room temperature with phenolic and 
amino groups. 
The luminescence properties of the label and its 
derivatives were investigated both at room temperature and 
at 77K. The room temperature fluorescence showed a strong 
pH dependence which was not observed at 77K. 
Environmental effects on the fluorescence properties of 
the derivatives at room temperature were investigated. 
Linearity range, quantum yields and the detection limits 
of the derivatives were determined. 
The optimum derivatisation conditions for various 
compounds were determined by HPLC. The analytical 
applications of the label were investigated by studying 
the behaviour of the derivatives in HPLC and TLC systems. 
In the area of HPLC, both pre-c6lumn and post-column 
derivatisation were attempted. The ion-pair pre-column 
derivatisation technique was found to be more suitable for 
this work. 
TLC analysis was performed on both normal phase and 
HPTLC plates. The separated components were detected 
using absorbance and phosphorimetry. Synthesis of the 
labels with substituents at the 4 and 7 position of the 
coumarin nucleus were carried out. The behaviour of the 
modified labels and their derivatives were compared with 
the original label and its derivatives. 
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Chapter- One 
General Introduction 
1. General Introduction 
1.1 Fluorescence and Phosphorescence processes 
Luminescence is one of the oldest analytical 
techniques and its theory is well documented in the 
literature. Photoluminescence describes the luminescence 
process where excitation is achieved by the interaction of 
the molecules with photons of electromagnetic radiation. 
It involves the two major processes of FLUORESCENCE and 
PHOSPHORESCENCE which were confused until 1944 Ell. 
The initial step in a photoluminescent process is the 
absorption of a photon in a time period of about 10- 
15 
seconds. Prior to the absorption of radiation, an 
aromatic organic molecule in solution is usually in its 
ground electronic state Soo When a molecule absorbs light 
it is said to become excited and the electrons in the 
molecule are promoted to a higher electronic orbital in 
which there are no unpaired electrons. Electronic 
excitation produces molecules with additional vibrational 
as well as electronic energy. The excess vibrational 
energy is rapidly lost in about 10- 
12 
seconds and the 
molecule returns to the lowest excited metastable state 
S 1, 
When the electron returns to the vibrational levels 
of the ground state from the lowest vibrational level of 
the first excited singlet state, the energy relpased may 
be dissipated in one of several ways. It may be emitted 
as light, via a process known as fluorescence, or 
radiationless transitions may occur i. e. where no 
fluorescence is observed. These radiationless transitions 
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may involve conversion into rotational, vibrational or 
kinetic energy i. e. heat or chemical energy. 
Photodecomposition may also take place before the electron 
reaches the lowest vibrational level of the first excited 
state. Thus the transition from the excited states to the 
ground state may occur by a number of routes other than 
fluorescence emission <see Fig. 1.1). 
Thus molecules that have chromophores and hence can 
absorb light, will have the potential to exhibit 
fluorescence, but not all absorbing compounds are 
fluorescent because of the possible radiationless 
transitions [2-61. 
A molecule in an excited state is a highly energetic 
species with a very short lifetime. Fluorescence usually 
occurs from the lowest vibrational level of the first 
excited state and the mean lifetine is about 10-8 seconds. 
Since some bnergy is lost in the short period between 
the excitation and emission, the observed emission 
spectral band is at a longer wavelength than the observed 
absorption band. This difference in wavelength is called 
the "Stoke -, Shift". Fluorescence involves emission 
originating and terminating in states of the same 
multiplicity - normally singlet states in which the 
electrons in the molecules have antiparallel spins. 
Radiationless transitions between energy levels of 
the same multiplicity are referred to as internal 
conversions. Radiationless transitions occuring between 
energy levels of different multiplicities are referred to 
as intersystem crossing In a triplet state (T) the 
2 
Singlet system 
Figure 1.1: Simplified energy level diagram of a 
polyatomic molecule. 
electrons occupy an orbital with a parallel spin. The 
transition to the triplet state is of low probability or 
"forbidden", but does occur if there is good orbital 
mixing and a suitable overlap between the excited 
electronic singlet state and the vibrational levels of the 
triplet state. Any of the vibrational levels of the 
triplet state may be involved, but by radiationless 
vibrational relaxation and internal conversion, the lowest 
vibrational level, T1, is quickly attained. The molecule 
returns directly to the ground singlet state, Sot by 
emitting the excess energy. This is observed as 
phosphorescence. 
Phosphorescence thus is a radiative emission 
originating from and terminating in different 
multiplicities. It has a longer lifetime, Tp, of about 
10-4 seconds to 10 seconds and because of this radiative 
long lifetime, it is prone to quenching at room 
temperature due to competitive deactivation processes. 
Phosphorescence is, therefore, usually studied at 77K, in 
rigid glass solvent media, on thin layer plates or other 
rigid supports 17,81. Phosphorescence emission is of 
lower energy than fluorescence emission. It is therefore 
possible, at 77K, to obtain a total luminescence spectrum, 
in which the intensities and emission wavelengths of 
fluorescence and phosphorescence can be simultaneously 
measured. 
1.2 Application of fluorimetry 
Due to the large number of organic compounds 
4 
encountered in the environment, biological specimens, 
agriculture, the pharmaceutical industry and in the 
chemical industry, there are many applications for 
fluorimetry. 
The molecular emission (fluorescence and 
phosphorescence) exhibited by certain of these molecules 
is a valuable property for their analysis because of its 
extreme sensitivity and good specifity. Fluorimetric 
methods are often 10-100 times more sensitive than 
absorptiometric methods and frequently have a linear 
response relative to concentration over a 1000 fold range. 
The development of extremely sensitive spectrofluorimeters 
has enabled the full exploitation of this versatile 
analytical technique and various methods have been 
developed for compounds which possess native fluorescence 
[3,6.91. 
The selectivity of fluorescence is due to the 
different fluorescent properties associated with the 
various molecules and only certain types of molecules are 
able to fluoresce. Fluorescent molecules are 
characterised by two wavelengths, the excitation 
wavelength and the emission wavelength. Thus, while it is 
easy to detect fluorescent substances in the presence of 
non-fluorescent compounds, it is also possible to 
determine fluorescent materials in the presence of each 
other if their characteristic wavelengths differ 
significantly. The use of the two wavelengths gives an 
added degree of selectivity compared to absorption 
techniques. 
C. 
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Since a large number of analytes do not possess 
intrinsic fluorescence properties, derivatisation methods 
are employed to chemically modify these molecules to 
facilitate fluorimetric analysis. 
1.3 Derivatisation in High performance liquid 
chromntography (HPLC) 
The idea of chemically modifying a molecule to render 
it more suitable for a particular analytical procedure is 
not new. Chemical derivatisation techniques have been 
used in mass spectroscopy, nuclear magnetic resonance, 
ultraviolet-visible and fluorescence spectroscopy, 
electroanalytical and radiochemical techniques etc.. 
Numerous reactions of varied selectivity have been adapted 
for the automatic analysis systems widely used in medical 
and pharmaceutical sciences. 
In chromatography there are several reasons why 
chemical derivatisation has become useful. Firstly, 
derivatives are often formed to impart measurable 
characteristics to a given compound in order to improve 
its detection. Compounds which are normally difficult to 
detect may be labelled with suitable chromophores, 
fluarophores or other activity enhancing groups to enable 
lower detection limits and a more sensitive response of 
the samples to be obtained. Enhancement of sensitivity is 
very important for the analysis of trace constituents in 
complicated samples. 
One important feature of derivatisation is the 
specificity of detection of the derivatives formed. This 
6 
becomes increasingly more important in complex matrices 
such as polluted water samples, biological materials or 
complicated pharmaceutical formulations where many 
interfering substances may be encountered. By using 
specific or semi-specific labelling reagents, 
derivatisation may serve as a sample clean-up procedure. 
Derivatisation in liquid chromatography can lower the 
polarity of certain molecules and hence enable separation 
by adsorption chromatography with more convenient solvent 
systems and may improve the detection limit. With very 
0 
polar derivatives, reversed phase chromatography systems 
are used. Methods of derivatisation in HPLC, their merits 
and limitations will be discussed in chapter 5. 
1.4 Fluorescence labelling 
1.4.1 Inportance and Use 
Fluorescence labelling enables the determination of 
non-fluorescent compounds as well as the analysis of 
specific components in complicated mixtures, Many 
molecules that do not possess intrinsic fluorescence 
properties contain reactive functional groups that may be 
derivatised with suitable fluorigenic reagents. 
Fluorescence labelling of specific target molecules plays 
an important role in the trace analysis of certain drugs, 
pesticides, pharmaceuticals, amino acids, peptides, 
proteins and biogenic amines in physiological fluids. 
Fluorescence labelling techniques in conjunction with 
thin layer chromatography (TLC) have proved to be 
invaluable for the analysis of a variety of compounds of 
7 
biological interest, The combination of HPLC with 
fluorescence detection has been used in many areas of 
science for the sensitive detection of solutes in the 
picomole to nanonole range. Many fluorigenic reagents for. 
amines, thiols, phenols, alcohols and carboxylated 
compounds have been developed and some of them are now 
being used as pre- and post-column derivatisation reagents 
in HPLC. Derivatives of a given fluorescent label may 
exhibit the same excitation and emission wavelengths as 
the free label. This means the analysis of a mixture of 
analytes containing the same functional groups would prove 
difficult, if not impossible. without the use of a 
suitable separation technique. 
1.4.2 Ideal label properties 
1. Fluorigenic labelling reactions should be fast. 
quantitative and use mild conditions preferably in 
water or aqueous media. 
2. Fluorescent derivatives should be non-polar so that 
they may be isolated and concentrated from the 
aqueous layer by extraction with organic solvents. 
3. The derivatisation reaction should be specific for a 
certain functional group without any interference 
from side reactions. 
4. The excess fluorigenic reagent should not be 
fluorescent or form fluorescent by products. If it 
is fluorescent it should ideally have different 
excitation and emission wavelengths from the 
product. 
8 
5. The excess reagent should be easy to separate from 
the product by a simple procedure. 
6. Excitation and emission wavelengths of the' 
derivatives should be greater than 330 nm. This 
permits the use of glass optics, which are less 
expensive and have less intrinsic fluorescence than 
quartz. If the fluorescent derivative is to be 
excited by a mercury lamp, it is desirable that it 
absorbs strongly at one of the mercury lines. 
7. The derivatives should emit at a wavelength long 
enough to avoid the general background fluorescence 
of solvents and absorbants. 
8. The derivatives should have a high molar extinction 
coefficient at a suitable wavelength for use with 
the available light source. The overlap between the 
excitation and emission bands should be as small as 
is practically possible: ideally there should be no 
overlap. 
9. The derivatives should be stable to heat and light. 
10. If the reagent is intended for use in the 
determination of the end groups of peptides and 
proteins, its amino acid derivatives must be stable 
under acid hydrolysis. 
1.5 Labels for anino acids, anines and phenols 
As mentioned previously, not all organic compounds 
are fluorescent but some can be rendered fluorescent by 
using their reactive functional groups to form 
derivatives. On this basis, an enormous number of 
9 
reagents have been found which could improve the 
determination of a wide variety of inherently non- 
fluorescent species. 
5-dimethylaminanaphthalenesulphony1 chloride 
Dansyl chloride (Dns-Cl) is among the commonest 
labels in use. It was introduced in 1952 by Veber 1101 
for the preparation of fluorescent conjugates of albumin. 
Dansyl chloride reacts quantitatively with primary and 
secondary amines, phenols [111, inidazoles [121 as well as 
with some alcohols e. g. choline 1131. Dansylation 
reactions have found wide application in the fluorescent 
antibody technique first introduced by Coons and his co- 
workers E141 for the histochemical localisation of 
antigens in iTnTninochenistry, virology and bacteriology 
115-221. Dansyl derivatives exhibit an intense yellow 
fluorescence and have low limits of detection which makes 
the label particularly useful for the analysis of trace 
amounts of free and N-terminal amino acids [231. The 
fluorescent adducts of primary and secondary amines absorb 
at 350 nm and fluoresce at 530 nm. 
Dansyl chloride, like 2,4-dinitrofluorobenzene and 
naphthalenesulphonyl chloride, satisfies the requirements 
for an end group reagent. The reaction with proteins and 
peptides proceeds under relatively mild conditions. The 
derivatives formed are stable to acid hydrolysis and are 
highly fluorescent allowing lower detection limits to be 
obtained. Dansyl derivatives can easily be separated by 
chromatography and electrophoresis. 
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The hydrolysis product of Dns-Cl, Dns-OH 
(dansylsulphonic acid), produced during the reaction shows 
strong fluorescence'(X ex 
330 nm, X em 
470 nm) and 
interferes with the analysis of dansyl amines E241. 
Several reviews have been published on the use of this 
reagent 124-271 . 
5-di-M-butylaninonaphthalene-l-r:. ulphonyI chloride 
Bansyl chloride (Bns-Cl) was introduced by Seiler 
1281 and Kniidgne-, 1293, In this molecule the dimethylamino 
group of Dns-Cl is replaced with a di-N-butylamino group 
(table 1.1). The derivatives produced are less polar and 
more easily extracted from the reaction mixture 128,293 
than Dns-Cl derivatives. The fluorescence characteristics 
of the derivatives do not differ greatly from the Dns 
derivatives but their fluorescence quantum yields in ethyl 
acetate are approximately 10-15% higher. Bns-Cl has been 
of great importance in the formation of suitable 
derivatives for the identification of biogenic amines by 
mass spectrometry 130-321. Dns-Cl and Bns-Cl are both 
hampered by slow reaction, broad specificity and the 
formation of a mixture of fluorescent products during side 
reactions. The problems associated with Dns-Cl and Bns-C1 
were overcome by the introduction of fluorescamine. 
4-phenylr:, pirotfuran-2(3H). 11-phthalnu3-3,3'dione) 
Fluarescamine was introduced by Weigele et al 1311 in 
1972. Fluarescamine is a non-fluorescent compound which 
is insoluble in water but readily soluble in acetone, 
11 
Table 1.1 Fluorescence labelling reagents 
N(CH2CH2CH2CHA 
S02C' 
5-Di-n-butylanino-naphthalene- 
i-sulphonyl chlcride (BNS-Cl) 
N" 
(C H 3)2 
; 101 1 'ý, < 
so2cl 
5-Dinethylamina-l-naphthalene- 
sulphonyl chloride (DNS-Cl) 
0 
4-PhenylspircEfuran-2(3H), 
0 
H 
H 
0 
o-Phthalaldehyde (OPA) 
is- phthalan3-3,3'-dione 
, 
Muorescamine) C H5 21 
1-etboxy-(dichloro-s-triazinyl) 
naphthadene (EDTN) 
N02 
cl 
4-Chloro-7-nitrobenzo-2- 
oxa-1,3-diazole (ITBD-Cl) 
NOZ 
4-Flucro-7-nitrobenzo-2- 
axa-1,3-diazole (NBD-F) 
12 
dioxane, tetrahydrofuran, dimethylsulphoxide etc.. 
Compounds that contain nucleophilic functional groups, 
primary and secondary amines and alcohols, react with 
fluorescamine, but only the reaction with primary amino 
groups yields fluorescent products [321. 
For the reaction of fluorescamine with primary 
amines, the reagent is-dissolved in a non-hydroxylic 
solvent e. g. acetone and added to the aqueous sample 
solution at pH 8.0-9.5. The reaction is completed within 
a few seconds and the excess reagent hydrolysed to non- 
fluorescent products 1331. The fluorescence intensity of 
the adduct remains constant in the pH range 4.5 to 10.5 
but can be affected by solvent composition. The adducts 
fluoresce at 475 nm on excitation at 390 nm and are stable 
for several hours at low temperature in the dark 1331. 
The reaction of fluorescamine with the analyte 
involves the rapid, reversible addition of the primary 
amine to the double bond of fluorescamine (scheme 1.1) to 
give a non-fluorescent intermediate which is transformed 
via a multistep rearrangement to the desired fluorescent 
product [341. 
13 
O\ + H2N R 
0 
Iluorescamine non-fluoreBoent 
non-fluorescent intermediate %/R 
N 
0 
H0 
N 
O. t 
HO 
0 
H 
fluorescent derivative 
Scheme 1.1 
Fluarescamine has found wide application in the 
estimation of amines 133,363, proteins and amino acids 
with nanomole sensitivity 132,351 and in the analysis of 
drugs 1381. 
4-chloro-7-nitrobenzo-2-oxa-1.3-diazole 
NBD-Cl is a stable non-fluorescent pale yellow solid 
which was introduced in 1968 by Ghmh and Vhitehouse 1371. 
It reacts with primary and secondary aliphatic amines to 
produce intensely fluorescent derivatives 138.391. 
Anilines, phenols and thiols also react with NBD-Cl but 
they produce derivatives which do not fluoresce or which 
are only weakly fluorescent, thus the use of NBD-Cl makes 
the technique more selective. 
The reaction between the amine and XBD7Cl takes place 
by a nucleophilic aromatic substitution of the 4-chloro 
substituent activated by the 7-nitro group (scheme 1.2). 
Derivatives are formed with amines, amino acids and 
14 
N 02 
NN 
02 
b 
. 1-0 0 N 
I 
NHR 
Scheme 1.2 
HCI 
peptides by reaction in 0.1M sodium bicarbonate/organic 
solvent at 55-75*C for 20-60 minutes 138,401. The KBD-Cl 
derivatives are stable to acid hydrolysis and hence the 
reagent can be used for end group determination of 
peptides and proteins 1401. NBD-derivatives are stable in 
solution and when chromatographed, if they are protected 
from irradiation. The derivatives absorb in the visible 
region with X ex 
480 nm and emission between 510 and 560 
nm. The spectra are'however broad and overlap 
considerably. 
4-fluoro-7-nitrobeuzo-2-oxa-1,3-diazole 
NBD-F reacts with primary and secondary amines to 
produce adducts that fluoresce at 530 nm when excited at 
470 nm (scheme 1.3). 
N02 
. ON 
F 
RNH, 3 
Scheme 1.3 
N 02 
.., 
N ****, ý 
HR 
H 
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The reaction rate of NBD-F with secondary amines e. g. 
praline increases with an increase in temperature, pH and 
proportion of organic phase present in the solvent. The 
reaction rate is faster in ethanol and acetonitrile and a 
study of the reaction in buffers indicated that barate 
buffer, pH 8.0 was the best for the reaction. The 
derivatisation of amino and imino acids is carried out in 
50% ethanol and 0.1M borate buffer pH 8.0 at 60*C in the 
dark. Hydrochl. oric acid. fs added to terminate the 
reaction and supress the background fluorescence. The 
fluorescence quantum yield quoted for NBD-hydroxyproline 
ranges from 0.01 in water (pH 9) to 0.80 in isobutyl 
methyl ketone [411. The resultant fluorophores are quite 
stable in the dark under refrigeration. The fluorescence 
properties at long wavelength have made NBD-F a suitable 
reagent for analysis in biological matrices. For example, 
amino and imino acids in blood platelets have been 
separated and detected at the picomole level after being 
labelled with NBD-F [-: L43. 
Ortho-phthalaldehyde 
OPA in alkaline solution and in the presence of a 
strong reducing agent such as 2-mercaptoethanol, reacts 
with amino acids and amino sugars. The reaction at pH 9 
takes approximately 2 minutes to give an adduct with 
excitation at 340 nm and emission at 455 nm E42,433 
(scheme 1.4). The resultant 1-alkylthio-2-alkylisaindoles 
[44-461 are unstable and decompose by a spontaneous 
intramolecular sulphur to oxygen rearrangement to non- 
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1 
fluorescent 2,3-dihydro-lH-isoindal-l-ones 142,451. The 
adducts have quantum yields of 0.33-0.47 1461. 
SR 
HIO 
Cý 
R'SH RNH-3 NR 
0 
Scheme 1.4 
fluorescence lifetimes of 18-20 ns and a constant 
fluorescence intensity from pH 6.0 to 11.5 143,473, The 
OPA derivative of cysteine, cystine and lysine fluoresce 
weakly 1471 and the fluorescence of lysine is enhanced in 
the presence of detergent [461. 
OPA can be used for both pre- and post-column 
derivatisation. The reagent was originally used for the 
post-column fluorigenic detection of amino acids in amino 
acid analysers [471. Catecholamines in urine and in brain 
tissue extracts have been analysed by pre-column 
derivatisation with OPA by both Davis [481 and Mell 1491. 
The pre-derivatisation of amino acids with OPA followed by 
separation an a reversed phase column and their detection 
at picomole levels in protein hydrolysates and in 
biological fluids have been carried out by several workers 
and. is discussed in a review by Imai 1241. Despite the 
widespread analytical application of OPA, the isoindole 
formed by the derivatisation reaction is relatively 
unstable and decomposes to non-fluorescent products. The 
emission wavelength of the derivatives is 450 nm where 
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there is a high background emission from biological 
samples. These limitations led to the need for 
modification of the structure of OPA such that it would 
retain the desirable fluorigenic properties while at the 
same time adding certain new features such as greater 
solution stability and higher fluorescence efficiency of 
the isoindoles formed. 
In recent studies [501, the OPA structure has been 
modified by the addition of another condensed benzene ring 
system giving a new reagent 2,3-naphthalenedicarbox- 
aldehyde, (NDA). In addition 5-(W, 1r-dimethylamino)-2,3- 
naphthalenedicarboxaldehyde (DXA-NDA) has also been used 
as a label as it was anticipated that it would impart 
greater aqueous solubility to the derivatives. This would 
be favourable for the low level analysis of amino acids 
and peptides by reversed phase high performance liquid 
chromatography [501. 
MC HO 
-C HO 
NDA 
CHO 
CHO 
N Me2 
DMA-NDA 
RDA and DXA-NDA react in a similar manner to OPA to give a 
benz(f)isoindole. The derivative of RDA with propylamine, 
however, proved to be unstable and decomposed on exposure 
to air 1503, hence providing no significant advantage over 
OPA E421. 
The IDA fluorigenic reaction has been modified 
is 
further by using sodium cyanide as the nucleophile instead 
of a thiol for the derivatisation of amines and amino 
acids 1471. The resultant 1-cyano-2-substituted 
benz(f)isoindole (CBI) is produced rapidly, in good yield 
and is found to be more stable than the benz(f)isoindole 
(scheme 1.5). 
= CHO 
CHO 
+ RNH2 
CN 
NaCm NR 
CH30H 
Scheme 1.5 
This reagent has successfully been applied as a pre-column 
derivatisation reagent for catecholamines (511, lysyl- 
peptide detection [521 and for the in vivo trace 
determination of bioactive peptides and proteins 1531. 
Sternson et al [541 separated a mixture of eighteen amino 
acids after pre-column derivatisation with NDA and 
gradient elution fractionation of the derivatives. In 
their assay, they used the two excitation maxima of the 
derivatives i. e. 420 nm and 246 nm and found detection 
limits of 3 pmol and 200 fmol respectively, for an 
injection of 50 pl of sample [543. Recent studies E551 of 
the fluorescence properties of CBI derivatives revealed 
that the derivatives show little variation with solvent 
change from water to acetanitrile or with the buffer 
composition of the solvent. The relatively small response 
to changes in the analytical conditions nakes the CBI 
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derivatives especially well suited for reversed phase high 
performance liquid chromatographic analysis. Fluorescence 
quantum yields of CBI amino acids range between 0.5-0.8 
and 0.4-0.6 for aliphatic amino acids [571. 
Recently NDA, phenyluaphthalene-2,3-dicarboxaldehyde 
(jONDA) and anthracene-2.3-(Iicarboxaldehyde (ADA) have been 
synthesised by Aminuddin [5,61. They obtained 
highly fluorescent products with amino acids and primary 
amines in the presence of a strong reducing agent under 
alkaline conditions. The NDA, #NDA and ADA-amino acid 
derivatives have excitation maxima at 462 nm, 462 nm and 
470 nm respectively with emission maxima at 520 nm, 520 nm 
and 640 nn respectively. 
wo 5 
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The effect of pH, solvents, inorganic salts, detergent and 
various thiols on the fluorescence intensity and stability 
of the derivatives have been studied. The quantum 
efficiencies of the derivatives obtained are comparable 
with that of OPA apart from ADA which has a lower quantum 
efficiency 1561. 
1-ethox-y-4- (dichlorcr-s-triazinyl) naphthalene 
EDTN was synthesised by Shaw and Ward in 1968 [571. 
Ts. I)TN reaunte with both the phenolic and primary aliphatic 
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hydroxyl groups but does not react with secondary 
aliphatic hydroxyl groups. Chayen et al E583 have used 
EDTN for the determination of corticosteroids. They 
reported fluorescence intensities thirty times greater 
than with Dns-Cl in their estimation of estrogens. 
1.6 Couimarins 
Coumarins, both in the free state and as glycosides, 
constitute a class of naturally occuring oxygen 
heterocycles of considerable importance in biology, plant 
physiology and photochemistry. The majority of coumarins 
are found in plants especially leguminosae, orchidacae, 
rutacae and umbelliferae. Coumarin, the simplest member 
of the series, was isolated from tonka bean by Vogel in 
1820 and immediately attracted the attention of perfumers 
on account of its pleasant and persistent odour. 
Dihydrocoumarin, some methoxy and hydroxycoumarins also 
have this characteristic, though not so pronounced. More 
complex coumarins are practically odourless at normal 
temperatures. 
Naturally occuring coumarins affect the living cells 
of plants and animals in various ways. Coumarin itself, 
which is a fairly common plant metabolite, inhibits the 
germination and subsequant root-growth of plants. Klebs 
[591 observed its toxic action on algae, while Shreiner, 
Reed and Skinner 1601 recorded its inhibitory effects on 
the growth of wheat. Coumarin acts as a narcotic for some 
animals e. g. rabbits, earthworms and as a sedative and 
Lypnotic for nice. Some larger animals such as sheep, 
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dogs and horses can be killed by counarin, the lethal dose 
being 5 g, 0.6-0.8 g and 40 g respectively [611. A 
hemorrhagic disease of cattle was found to be caused by a 
toxic substance in spoiled sweet clover. This substance 
was identified as dicumarol formed by bacterial action on 
coumarin. In man, dicumarol produces a decrease of plasma 
prothrombin and is used in anticoagulant therapy. 
Because of their varied properties and activities, 
coumarin and its derivatives have been the subject of 
intense analytical research. Their separation and 
identification by means of paper chromatography 162.631 
and thin layer chromatography [64-671 have been the 
concern of chromatographers. Photochemists have been 
intrigued by the selectivity of coumarin in forming 
photodimers of diffrent conformations under controllable 
experimental conditions 168,691. Such studies revealed 
that irradiation of counarin in ethanolic solution leads 
to self quenching and to the formation of a cis head to 
head diner (I) in low yield. Irradiation in benzene lead 
to self quenching only. In the presence of triplet 
sensitisers such as benzophenone the trans head to head 
dimer <ID is formed along with a trace of the trans head 
to tail dimer (III) in both polar and non-polar solvents. 
The formation of the dimer M can be explained by the 
irradiation of excited singlet coumarin with ground state 
coumarin while dimers (ID and UID arise from 
interaction of excited triplet coumarin and ground state 
coumarin 1691. Lewis et al 1701 studied the 
phatodimerisation of coumarin in the presence of a Lewis 
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acid catalyst. His results supported the reaction of the 
excited complex with ground state counarin. 
Counarin was shown to exhibit intense (n, n 
*) 
phosphorescence and somewhat weaker fluorescence. In 
ethanol glass at 77K, coumarin has a fluoresc*ence quantum 
yield of approximately 0.004. The fluorescence properties 
of counarins, the effect of pH, solvents, position of 
substituents and cations on the fluorescence have been 
studied in detail by several workers and are discussed in 
the review by Schulman 1711. 
The use of coumarin compounds as organic laser dyes 
and optical brightening agents opened up other areas of 
analytical interest. Tuccio et al [721 studied eight 
counarin dyes in the wavelength region 420 nm to 585 nm. 
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The dyes were insoluble in water and required the use of 
an organic solubilising agent to make the sample soluble 
in water. Reynolds and Drexhage 1731 synthesised nine 
coumarin laser dyes with structurally rigid amino groups 
in the 7 position, which showed a high fluorescence 
quantum yield in polar solvents. The strongly electron 
donating property of the rigid amino groups explained the 
high fluorescenc efficiency. The lasing wavelengths of 
the dyes are in the region 480 nn to 540 nm. The 
absorption of UV light by coumarins is the fun*damental 
property that enables them to be used as optical 
brightening agents in laundry and domestic detergents and 
as additives to fibres and paper. The energy acquired by 
the coumarin is converted into visible light and 
consequently the amount of reflected visible light is 
increased. The fabric thus appears to be a brilliant 
white. The property is dependent on UV light and hence 
its effect is diminished in artificial light. Coumarins 
containing a substituent at C-7 are usually applied to 
wool and nylon. 
1.7 Counarin labels 
Counarins have been used as labels because they show 
interesting photochemical behaviour. The earliest labels 
were mainly used in enzymatic assays. These were based on 
the finding that 7-hydroxycoumarin shows strong blue 
fluorescence whereas the emission of the corresponding 7- 
methoxy compounds is much less intense [74,753. An 
enzymatic assay based on 7-hydroxycoumarin (umbelliferone) 
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and 4-methyl-7-hydroxycounarin was carried out by Mead 
1761 and Udenfriend [773. A-glucoronide activity is 
determined by the breakdown of a non-fluorescent conjugate 
of umbelliferone glucoronide which liberates the highly 
fluorescent umbelliferone and 4-methylunbelliferone 
(Scheme 1-6). 
C HI 0 + 610 7 
(TWO 
no 
0 HO 00 
J3-glucoronidase 
glucoronic acid umbelliferone glucoronide 
Scheme 1.6 
(non-fluorescent) 
Ultrich and Webber [781 determined the mono-oxygenase 
activity in liver microsomes by the enzymatic dealkylation 
of 7-ethoxycoumarin to highly fluorescent umbelliferone 
(scheme 1.7). 
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Scheme 1.7 
Further assays were based an 4-methylumbelliferone and its 
analogues E791. The principles of chromogenic and 
fluorigenic enzyme assays using derivatives of 4-methyl- 
umbelliferone are based on the difference in wavelength of 
absorbance and fluorescence of the label and its 
conjugate. By selectively exciting at 365 nm and cutting 
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off radiation below 405 nm, only the fluorescence of 4- 
methylumbelliferone is monitored. In this way, the label 
liberated by incubating a 4-methylumbelliferonyl substrate 
with an appropriate enzyme in a buffer of appropriate pH, 
may be estimated. The conjugate can readily be obtained 
in a pure state. For example the white needles of 4- 
methylumbelliferane-p-glucoside are obtained by reacting 
4-methylumbelliferone in acetone with acetobromoglucose in 
alkaline solution. The pure product is obtained by 
recrystallisation from ethanol 1801. the fluorimetric 
method is simple, extremely sensitive and allows small 
amounts of P-glucosidase to be detected a4d estimated. 
7-amino-4-methylcounarin has found wide application 
as a reagent for the preparation of fluorigenic substrates 
to determine trace amounts of a number of enzymes [811. 
The determination of chymotrypsin was carried out by 
hydrolysing 7-glutarylphenylalaninamide-4-methylcoumarin 
and continuously monitoring the fluorescence of 7-amino-4- 
methylcounarin produced, using X ex at 
380 nm and X em 
460 
nm. Using this method the limit of detction of 
chymotrypsin was approximately 0.5 pg/nl [821. 
4-bromommthyl-7-iteethoxycou3marin 
BrMMc was first used by Secrist 1831 for the 
conformational and functional studies of tRNA by specific 
labelling of the thiol functions in 4-thicuracil and 4- 
thiouridine. The label was then used by DUnges 1841 to 
derivatise carboxylic acids which were then separated by 
thin layer chromatography. The derivatisation procedure 
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required refluxing of the reactants for 30-60 minutes in 
the absence of light. DUnges used dibenzo-18-crown-6 
ether and potassium hydrogen carbonate or potassium 
carbonate as a catalyst, with a 2-3 molar excess of BrMMc. 
Using propionic acid, he showed that there was a good 
linear relationship between the fluorescence intensity of 
the MMc conjugate and the concentration of propionic acid 
in the reaction mixture 1841. This method however 
suffered from the use of an excess of the expensive 
derivatisation reagent, a long reaction time and the need 
to perform the reaction in the dark. Lam and Grushka 1851 
developed new methods for the derivatisation of carboxylic 
acids which used a shorter reaction time and only a 10-20% 
molar excess of BrMMc relative to the fatty acid 
concentration. They separated the derivatives using 
reversed phase high performance liquid chromatography. 
The optical properties and chemical stability of the MMc 
esters allowed their qualitative and quantitative analysis 
in the picomole range. The derivatisation reaction of 
BrMMc and carboxylic acids is shown in scheme 1.8. 
CVr refluxing acetone 
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no 
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Scheme 1.8 
In 1977 Grushka et, al 1861 reported the separation of 
dicarboxylic acids after derivatisation with BrMMc. They 
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obtained a linear calibration curve for azaleic acid in 
the range 0-0.01 g and a detection limit in the femtomole 
range. In their method they could easily separate C2-ClO 
dicarboxylic acids, but had in fact only made half esters. 
Alpha-keto acids can also be derivatised by this method. 
Another application of BrMMc was for the analysis of 
oxirane carboxylic acids-in serum [871 after pre-column 
derivatisation and separation using high performance 
liquid chromatography. 
4-hydroxymethyl-7-methoxycounarin (HMMc) was used by 
DUnges and Seiler [881 to derivatise a series of common 
fatty acids and barbiturates in blood. The derivatisation 
reaction was performed both in the presence and absence of 
crown ether as a catalyst. Using high performance liquid 
chromatography with gradient elution, they could separate 
the homologous series of the saturated unbranched 
aliphatic fatty acids from formic to stearic acids. Since 
the derivatisation can be scaled down to a reaction volume 
of 5 pl it is possible to detect a few picomoles of the 
derivatives by this method 1881. Lloyd [891 prepared the 
acetate, decanoate and stearate esters according to the 
method of DUnges 1841, studied their fluorescence 
characteristics and their variation in high performance 
liquid chromatographic solvents. In his studies, he found 
that the emission wavelength of the derivatives shifted 
towards the red region of the spectrum with increasing 
polarity of the solvent, accompanied by an increase in the 
quantum yield of the derivatives. 
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4-imethyl-7-methoxycou3marin 
MMc has been applied to the analysis of the enzyme 
liver microsomal o-dimethylase and its inhibitors. The 
analysis is carried out by cleavage of MMc by the enzyme 
to form the highly fluorescent 7-hydroxy-4-methylcoumarin. 
The enzyme has been sensitively determined in the presence 
of certain specific detergents, heavy metal ions, dyes and 
drugs [901. Recently, the MMc nucleus has been used by 
Elbert et al 1911 to label dicarboxylic acids using t- 
butylammonium hydroxide (TBAOH) as a catalyst instead of 
the crown ether/carbonate used by DUnges. Esterification 
is accomplished by refluxing BrMMc with the carboxylic 
acid in a 3: 1 ratio for 15 minutes, after initial 
isolation of the TBA salt of the acid, formed by reaction 
with TBAOH. Under these derivatisation conditions, BrMMc 
reacts with the TBA salts of sulphuric acid, phosphoric 
acids and other organic compounds e. g. phenols. 
In an attempt to overcome some of the problems of 
BrMMc, light sensitivity and wavelength and quantum yield 
variation with polarity of solvent, Tsuchiya et al 1921 
synthesised 4-bromomethyl-7-acetoxycou3narin (BrMac) and 
used it as a fluorigenic reagent for carboxylic acids. 
BrMac reacts with carboxylic acids to give the 
corresponding esters which nay then be separated by 
reversed phase high performance liquid chromatography. 
Separation is then followed by alkaline hydrolysis to form 
a highly fluorescent product which may be detected 
using a fluorimeter 1921 (scheme 1.9), 
In their assay they found that the fluorescence 
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intensity of the derivatives does not depend an the type 
of carboxylic acid nor on the concentration of 
acetonitrile used in the eluent, hence gradient elution 
techniques can be effectively applied whilst maintaining a 
constant response from the derivatives. Using this method 
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Scheme 1.9 
fluorimetric determination 
femtomole levels of carboxylic acid can be detected [941. 
4-bromomethyl-6,7-dimmethoxycounarin 
BrMdMc was introduced by Farinotti 1931 in an attempt 
to modify BrMMc. The esterification reaction was carried 
out by heating the potassium salt of the carboxylic acid 
with BrMdKc for 30 minutes at 70*C using crown ether/ 
potassium carbonate as a catalyst. The fluorescence 
properties of the derivatives show a dependence upon the 
type of solvent used. The spectral maxima shifted from 
404 nm in cyclohexane to 429 nz in water. The quantum 
yields of the derivatives increased with an increase in 
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the polarity of the solvent, with the maximum obtained in 
water. The esters possess good intrinsic fluorescence 
properties which are not affected by pH, ionic strength 
and the nature of the eluent. Picomole amounts of the 
ester can be detected by liquid chromatography [931. 
4-diazonethyl-7-methoxycounarin 
DMC was used as a fluorigenic label for alcohols and 
carboxylic acids by Takadate et al [943. DMC is stable 
and can easily be synthesised from 4-fornyl-7-methoxy- 
coumarin, p-toluenesulphonchydrazide and 0.2N sodium 
hydroxide. The derivatisation of carboxylic acids may be 
accomplished in the presence of a3 molar excess of the 
label over the carboxylic acid in acetonitrile. The label 
reacts much more readily with aromatic acids than with 
aliphatic acids. 
7-[(chlarocarbonyl)methoxyl-4-methylcou3marin 
CMMC was introduced by Karlson et al E951 as a 
fluorigenic reagent for the pre-column derivatisation of 
hydroxy compounds. They use dried methylene chloride as 
the solvent for the derivatisation and triethylanine (TEA) 
as a catalyst for a reaction that is allowed to proceed 
for one hour. The reagent, being an acid chloride, is 
susceptible to hydrolysis by water and is thus difficult 
to maintain in a pure form. Furthermore, the acid 
liberated as a result of hydrolysis of the reagent will 
react with the TEA catalyst. The fluorescence quantum 
yields of the derivatives are found to be dependent upon 
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the type of solvent used as they are with BrMMc, being 
lower in non-aqueous solvents. The reagent has been used 
for the analysis of steroids, prostaglandins and steroid 
metabolites in biological samples. 
3-carboxy-7-hydroxycoumarin 
This label was used by Stewart and Lotti in 1970 1961 
in the determination of cyclic and aliphatic amines. The 
amines react with the reagent to form highly fluorescent 
0 
amine salts with excitation and emission wavelengths of 
420 nm and 450 nm respectively (scheme 1.10) 
00H 
+ NR3 Ir ýlý 
1 +HNR3 
H OJ 00 
Scheme 1.10 
The quantitative analysis of the amines by this procedure 
requires the direct comparison of the fluorescence of an 
unknown concentration to that of a known concentration 
under the same conditions. This method enables the rapid 
determination of primary, secondary and tertiary aliphatic 
and cyclic amines in the presence of aromatic amines, 
aromatic heterocycles, aliphatic and aromatic amides and 
carbonyl containing compounds. 
Takadate et al 1973 synthesised four counarin labels 
and examined their reactivities with various functional 
groups in order to deternine the possibility of using the 
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labels as analytical reagents, After derivatisation they 
studied the fluorescence spectra and the quantum yields of 
the derivatives. Highly fluorescent products result when 
7-mthoxycounarin-4-carbonyl chloride reacts with alcohols 
and primary amines yielding esters and amides 
respectively. Both 4-3nethylcounarin-7-isothiocyanate and 
7-dizmethylamino-4-methylcounarin-3-isothiocyanate when 
reacted with amines give thioureides which show high 
fluorescence quantum yields. 7-3nethoxycounarin-4- 
D 
carbohydrazide has been used for derivatising carbanyl 
compounds yielding hydrazones. The derivatisation 
reactions are outlined in scheme 1.11. 
As well as using counarins for labelling functional 
groups, coumarin carboxylic acids have found application 
as fluorescent probes for studying drug-protein binding 
sites and binding parameters 1983.7-anilinocounarin-4- 
acetic acid, 7-anilino-4-ma--thylcoumarin-3-acetic acid, 7- 
dimethylamino-4-methylcounarin-3-acetic acid, 7-dimethyl- 
aminocouimarin-4-acetic acid, 7-inethoxycounarin-4-acetic 
acid and 7-methoxy-4-3nethylcouimarin-3-acetic acid have 
been synthesised and their fluorescence properties in 
various solvents and in the presence of human serum 
albumin have been studied 1981. The fluorescence studies 
conducted by Takadate et al E981 in various solvents 
revealed that. the fluorescence quantum yields of the 
anilino derivatives increase with a decrease in the 
polarity of the solvent, while the fluorescence emission 
wavelength shifts slightly to shorter wavelength. The 
dimethylanino derivatives show relatively intense 
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fluorescence in different solvents and their emission 
maxima shift towards the blue as the polarity of the 
solvent decreases. They found that the fluorescence 
intensities of the methoxycoumarins increase with 
increasing polarity of the solvent. The interactions of 
coumarin carboxylic acid derivatives with HSA resulted in 
a large increase in the quantum yields of the anilino- 
coumarin derivatives accompanied by a slight shift in 
wavelength of the emission maximum. The fluorescence 
intensities of the methoxy derivatives are quenched as 
might be expected from the increase in fluorescence 
intensity with increase in solvent polarity. The studies 
Of Takadate indicated that the anilino derivatives should 
be useful as probes for drug-protein binding sites. 
Preliminary experiments suggest that of the two anilino 
counarin derivatives in the study, the 7-anilinocoumarin- 
4-acetic acid appears to be more suitable for studies of 
the binding process [981. Therefore, the interaction with 
HSA was examined by other methods and there was found to 
be one binding site of the label to HSA, using both the 
fluorescence and absorbance differences. 
7-aminc)-4-methylcounarin 
AMC has been used by Pratash and Vijay [993 for the 
structural analysis of the oligosaccharide moities of 
glycoconjugates. In their studies, they derivatised the 
aldehyde groups of N-acetylglucosamine and its di and tri- 
saccharides with AMC by reductive amination in the 
presence of sodium cyanoborohydride (NaCNBH 3) see scheme 
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1.12. After derivatisation they separated the reaction 
mixture using thin layer chromatography and detected the 
components by fluorescence under UV light. The different 
rate of migration of the derivatives depending on their 
OH 
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Scheme 1.12 
size, serves as a means of identification. On studying 
the fluorescence properties of the derivatives, it was 
observed that there was a characteristic bathochromic 
shift in the excitation spectrum as the degree of 
polymerisation of N-acptylglucosamine increases, 
indicative of enhanced electronic delocalisation within 
the molecules 1993. A linear relationship was observed 
when a plot of log mobility versus AMC saccharide 
conjugate was platted. This observation represents the 
0 
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typical chromatographic behaviour of the members'of a 
homologous series. Using this method they obtained a 
detection limit of approximately 1 pmole 1991. 
Recently, the synthesis of 4-chloro-3,6-dinitro 
counarin from 4-hydroxycoumarin was carried out by MirCko 
et al [1001. They used the label to derivatise amino 
acids and amines and separate the derivatives using thin 
layer chromatography. The ease of the derivatisation 
reaction relies on the high electron density around the 
chiorine substituent and a low electron density at the 
neighbouring carbon C-4, therefore the chlorine atom is 
readily exchanged for nitrogen atoms of anines and amino 
acids. In their assay, Minko and co-workers derivatised a 
standard mixture of 18 amino acids and 9 amines and 
studied the Rf values on separation. Based on the wide 
difference in Rf values of the derivatives, they, concluded 
that satisfactory resolution might be expected from thin 
layer chromatography of the derivatised mixtures. The 
detection limit using UV illumination at 360 nm was 5 yg 
of amino acid and 20 ng of amine 11001. Table 1.2 shows 
some of the coumarin compounds used as labels. 
1.8 Application of Phosphorimetry 
As a consequence of the selectivity and sensitivity 
of phosphorimetry, it has found widest application in the 
areas of medicine, biology, -food chemistry and 
environmental analysis etc.. Formerly many 
phosphorimetric measurements for analytical purposes were 
zr4da at low temperature in rigid media. 
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labels 
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ý. 
0 
I'll I 
NH3 
NCS 
(C pa 
7-dimethy arpin? E4-methyl coumarin-ý-iso locyna e 
IVOOH 
H, 
CHN 
65 
do 
0 
7-aniline coumarin-4- 
acetic acid 
CH3 
CH2COOH 
(C HN00 
21 1 
7-dimethylamino-4-methyl 
coumarin-3-acetic acid 
H2COOH 
N. -I 
MeOjao 0 
7-methoxy coumarin-4-acetic 
acid 
02N M02 
0 
4-chloro-3,6-dinitro coumarin 
7-methoxy-4-methyl coumarin-3- 
acetic acid 
Table 1.2 (cont): Structures of caumarins used as 
fluorescent labels. 
10 SCNJ'ýý 0 
4-methyl coumarin-7-isothiocynate 
ONHNH2 
Meof 
no 0 
7-methoxy coumarin-4-carbohydrazide 
CH3 
Hf 00H 
7-aniline-4-methyl coumarin-3- 
acetic acid 
H2COOH 
H 
(C Hjp 00 
7-dimethylamino coumarin-4-acQtic 
acid 
H3 
CH2COOH 
no 'o 
39 
The first analytical application of phosphorimetry in 
drug analysis was the determination of aspirin in blood 
serum and plasma E1011. In this method, the various 
constituents normally present in blood or plasma did not 
give serious interference. The success of the 
phosphorimetric analysis of aspirin lead to the 
investigation of other drugs by this technique. 
The phosphorimetric determination of procaine, 
cocaine, chlorpromazine and phenobarbitone in blood serum 
and cocaine and atropine in urine was carried out by 
Vinefordner and Tin E1021. The main purpose of this 
research was to demonstrate the extreme sensitivity of 
pho6phorimetry and that it could be used to give accurate, 
rapid and selective measurements of trace concentrations 
of the free drug in protein-free blood serum or urine. 
The experimental procedures used for the separation of the 
specific free drugs from blood and urine were similar to 
those previously used. The results in each case compared 
very well with the established methods for these drugs. A 
number of reviews an phosphorimetry appear in the 
literature and a recent example is its use in organic 
analysis by Ward et al in 1981 11031. 
The phosphorescence properties of amino acids and 
their relationship with the phosphorescence of proteins 
have been studied by several workers 1104-1063. They made 
a detailed investigation of the relationship of the 
phosphorescence properties of single amino acids with 
those of proteins by comparing the protein emission to 
that of synthetic mixtures of the component amino acids in 
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the same relative abundance ratios. In their studies of 
various proteins, they observed that phosphorescence 
characteristics of the tryptophan component was dominant 
in all proteins containing tryptophan. In proteins where 
tryptophan is absent, e. g. zein, tyrosine emission is 
observed. This is particularly significant in view of the 
high phenylalanine and tyrosine content of human serum 
albumin (33 phenylalanine residues, 18 tyrosine residues 
and 1 tryptophan residue). 
Nag-Chaudhuri and Augenstein [1051 have proposed that 
the phosphorescence of proteins may possibly be explained 
by a vibrational relaxation transfer mechanism. Energy 
absorbed by phenylalanine is transferred to tyrosine or 
tryptophan residues. Energy absorbed by, or transferred 
to, tyrosine is also transferred to tryptophan. Thus in 
the absence of tryptophan, tyrosine emission is observed, 
whereas, if tryptophan is present, only tryptophan 
emission is observed, 
In food chemistry, phosphorimetry has been applied to 
the analysis of biphenyl in oranges 11061. It was found 
that 95-100% of the quantities of biphenyl added were 
recovered. The accuracy of the method is about ±0.2 ppm 
for the 3.8-8.9 ppm biphenyl found in the juice and pulp 
and about ±2 ppm for the 39-65 ppm biphenyl in the peel 
[1061.. Moye and Winefordner 11071 showed that 
spectrophosphorimetry can successfully be applied in 
pesticide analysis. They studied the phosphorescence 
properties of pesticides, the lifetimes, calibration 
curves and estimated their detection limits. 
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Phosphorimetry has been applied to the study of air 
pollution'and the analysis of petroleum products. 
Numerous polycyclic aromatic hydrocarbons and 
heterocyclics are found in atmospheric dust. It has been 
known for a long time that many of these compounds are 
carcinogenic. Sawicki 11081 pointed out in his review 
that phosphorescence spectroscopy should prove to be very 
valuable for trace analysis and hence for the 
investigation of airborne dust samples. Various 
applications of phosphorimetry to the analysis of 
petroleum products were reported by Sidorov and Rodomakina 
in 1960 11091. A wide range of literature covering the 
application of phosphorimetry in environmental chemistry 
was cited by Solie et al in 1978 11101. The combination 
of thin layer chromatography and phosphorimetry will be 
discussed later in Chapter 7. 
Ward et al [1031 stated that despite the sensitivity 
of low-temperature phosphorescence (LTP) for many 
biologically and environmentally important molecules and 
the selectivity arising from time resolution in addition 
to spectral resolution, LTP has failed to become a popular 
method for routine analysis for two major reasons. 
Firstly, in order to achieve a low temperature, cryogenic 
equipment is necessary. Since liquid nitrogen is the 
typical coolant, this equipment usually involves a storage 
Dewar flask for the liquid nitrogen and a quartz Dewar 
flask where the sample is inserted. The Dewar flask used 
for the sample must be constructed of expensive high-grade 
optical quartz in order to avoid absorption of the 
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excitation radiation and interference resulting from 
emission by the Dewar flask. In addition to the expense 
of the liquid nitrogen and the equipment for handling it, 
some hazards exist whenever liquid nitrogen is transferred 
e. g. burns. Secondly, the sample is not easy to introduce 
into the system. Typically, a long quartz sample tube is 
introduced into the Dewar flask. The rate of cooling of 
the sample causes a variation in the sample matrix such 
that either a clear or cracked glass or a snow is 
obtained. Measurements in clear glasses give reproducible 
results if the sample cell can be reproducibly positioned 
in the instrument. Most samples cool very rapidly once 
the capillary tube has come into contact with the liquid 
nitrogen and result in the formation of cracked glasses or 
snows for most solvents. To avoid the rapid cooling of 
the sample, a tedious, time consuming procedure must be 
adopted. Although most commercial phosphorimeters use 
immersion cooling of the sample, a more ideal cooling 
system is based upon conduction of a short capillary 
sample cell in a copper block cooled by liquid nitrogen. 
The advantage of using such an arrangement is discussed by 
Ward 11031. 
The major advantages of conventional low temperature 
phosphorescence are low detection limits, wide range 
analytical calibration curves and the great selectivity of 
the technique. Modification of the environment by means 
of "heavy atom solvents" containing heavy ions such as I 
(NaD, or Ag 
+9 (AgNO 3) often increases phosphorescence 
intensities and decreases phosphorescence lifetimes. The 
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precision of phosphorimetric measurements is typically 10% 
relative standard deviation, with care in cell positioning 
and cleanliness, 1-2% relative standard deviation is 
possible, but difficult to achieve 11031. 
1.9 Phosphorigenic Labels 
In spite of the sensitivity and selectivity of 
phosphorescence, the technique is mostly limited to 
compounds which possess intrinsic phosphorescence 
properties. Very few phosphorigenic labels have been 
synthesised to date. 
7-(4,6-dichlorotriazinyl-2-oxy)counarin 
7-DTC has been used as a phosphorigenic label for 
phenols 11113. The derivatisation reaction is carried out 
at ambient temperature for three hours in the presence of 
0.002 X sodium hydroxide. The label and the derivatives 
are both fluorescent and phosphorescent at 77K at 390 nm 
and 520 nm respectively. The phosphorescence intensities 
of the derivatives are greatly enhanced in the presence of 
potassium iodide, while the wavelength shows a blue shift 
of about 5 nm in chloroform. The derivatives can be 
analysed directly on silica gel, paper and cellulose thin 
layer plates with a detection limit of approximately 4 ng. 
The phosphorescence lifetimes of the. compounds in acetone, 
chloroform and ethanol are very similar, between 0.4 and 
1.6 seconds 11113.7-DTC does not react with alcohols and 
is thus a specific reagent for the analysis of phenals, 
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4-methyl-7-hydroxycoumarin 
MH has been used as a fluorigenic reagent for the 
analysis of various enzymes 1793. Leaback et al 11121 
found that the detection of such compounds using 
fluorescence (excitation and fluorescence maxima near 317 
nm and 375 nm respectively) is insensitive, hazardous to 
the eyes and the treatment of the chromatograms with heat, 
acids, bases or enzyme preparation is erratic in 
performance and destructive to the compound of interest. 
They describe a novel approach to detecting MH and some of 
its derivatives on chromatograms using low-temperature 
phosphorescence. 
. In their assay, the enzyme derivatives of MH (4- 
3nethylumbelliferyl-21-acetamide-21-deoxy-g-D-glucoside and 
4-methylumbelliferyl-j3-D-galactoside) are synthesised and 
separated on cellulose or paper thin layer chromatography. 
The separated components are detected using both 
fluorescence 
I and phosphorescence. 
The phosphorescence 
properties of the label and its derivatives in solution. at 
77K as well as in the chromatograms have been studied and 
compared with the fluorescence properties. Both the label 
and the derivatives have similar phosphorescence spectral 
characteristics in aqueous ethanediol glass at 77K i. e. 
excitation maximum at 325 nm and emission maximum at 485 
nm. On comparing the detection limits of MH and the 
glycosides, Leaback et al found that a comparable limit 
for MH 
was obtainedLusing both fluorescence and phosphorescence. 
The limit of detection of the glycosides are however more 
than two orders of magnitude lower using phosphorescence 
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11121. 
Fluorescamine has been shown to be an excellent 
phosphorigenic reagent for the determination of' several 
primary amino acids 11131. The application of 
fluorescamine to the determination of primary amino active 
ingredients in pharmaceutical preparations and 
phosphorescence detection has been carried out by Long et 
al [1131. They derivatised tobramycin and phenyl- 
propanolamine hydrochloride (non-phosphorescent drugs) and 
studied the room temperature phosphorescence of the drugs 
with and without derivatisation. The derivatisation 
reaction is carried out by adding the fluorescamine 
reagent to an appropriately buffered sample using a vortex 
mixer. The room temperature phosphorescence is measured 
in the presence of an equal volume of potassium iodide 
dissolved in 50: 50 ethanol: water after passing a 
dehumidified nitrogen stream over the sample. The 
phosphorescence characteristics of the derivatives are 
similar at excitation 300 nm and emission 460 nm, but the 
detection limit is lower for phenylpropanolamine 
hydrochloride (2.7 ng) compared with tobramycin (4.0 ng). 
The phosphorescence of the derivatives is pH dependent, 
but is independent of the buffer concentration from 0.80 M 
to 0.025 M E1131. The method has been tested for the 
analysis of phenylpropanolamine hydrochloride in dietary 
aids and Dexatrin. 
Long et al 11141 extended their method for naturally 
phosphorescent drugs to study the possibility of using the 
derivatisation method to either enhance room temperature 
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phosphorescence intensities or to increase their 
selectivities for analysis of mixtures. The 
phosphorescence characteristics of p-aminabenzoic acid 
(PABA) and procainamide hydrochloride were studied in both 
the underivatised and derivatised form. The derivatised 
products absorb and emit at higher wavelengths than the 
free drugs and hence additional selectivity towards sample 
analysis may be achieved. The authors [1141 concluded 
that the room temperature derivatisation method is a 
promising analytical technique for the analysis of non- 
luminescent and luminescent species. The analysis may be 
carried out without prior separation if the analyte of 
interest is the only one that can be derivatised in a 
complicated matrix. On the basis of the results of the pH 
study, the use of pH to selectively determine components 
in a mixture is also feasible 11141. 
Erythrosin isothiocyanate 
EITC has been used as a phosphorescence probe in 
phosphoroiTnTninoassay (PhIA) C1151. The label possesses a 
reactive group which enables direct coupling to primary or 
secondary amino groups. The luminescence spectra lie in 
the visible region (excitation 536 nm and phosphorescence 
emission 690 nm) and because of the large Stokes shift, 
the absorption of light by serum components is avoided and 
the inner filter effect markedly reduced. Primidone is 
first labelled with EITC (P-EITC) by the direct reaction 
of 4-aminophenyl primidone with EITC and purified by thin 
layer chromatography. Antisera may be raised in sheep by 
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immunisation with a suitable immunogen and coupled to 
magnetisable particles by the cyanogen bromide technique. 
The PhIA is carried out by the sequential addition of 
serum samples or standards, 100 pl of P-EITC 
(930 nmol 1 and 100 jul of solid phase antiserum 
suspension (25 g 1- 
1) followed by incubation at room 
temperature with constant mixing until equilibrium has 
been attained [1151. Diluent buffer containing sodium 
sulphate is then added to the magnetisable particles and 
the bound fraction sedimented by means of a magnet. The 
phosphorescence signal of the supernatant containing the 
free P-EITC is then measured directly using excitation 536 
nm and emission 690 nm. The authors claim that PhIA is 
simpler than fluoroimmunoassay because of the lack of 
interference from the sample. Homogeneous PhIA has also 
been developed using EITC. 
1.10 Ain of the Project 
The aim of the projectwds to synthesise and study the 
properties of novel counarin derivatives as potential 
labels for derivatisation. Coumarins have been shown to 
exhibit both fluorescence and phosphorescence. Most of 
the work reported to date which applies luminescence 
labelling to analytical problems, discusses the use of 
fluorescent labels. The complementary nature of 
fluorescence and phosphorescence has been acknowledged, 
but-not fully exploited. Phosphorescence offers greater 
advantages over fluorimetry especially where selectivity 
is concerned. Labels based on coumarins would combine the 
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advantage of fluorescence and phosphorescence, and thus it 
is hoped that phosphorescent labels suitable for 
application in thin layer phosphorimetry may be produced. 
Molecules such as Dns-Cl have been shown to have a wide 
application for the derivatisation of amino and phenolic 
functional groups, hence labels with functional groups 
similar to Dns-Cl will be produced. 
The initial compound to be studied was 6-coumarin 
sulphonyl chloride (6-CSCl) prepared by a one step 
synthesis from coumarin. Further compounds will 
subsequently be investigated with a view to improvement of 
the properties with respect to their application in TLC 
and HPLC. 
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Cbapter Two 
Xaterials and General Xethods 
2.1 Xaterials 
counarine. 
coumarin 
7-methylcoumarin 
7-diethylamino-4-methylcoumarin 
Sulphonating reagent 
chlorosulphonic acid 
Phenols 
phenol 
p-cresol 
resorcinol 
Amines, Amino acids 
aniline 
benzylamine 
n-propylamine 
ammonia 
alanine 
glycine 
isoleucine 
leucine 
proline 
phenylalanine 
serine 
tyrosine 
tryptophan 
valine 
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Source of supply 
Sigma 
Aldrich 
Aldrich 
BDH Chemicals Ltd 
Fisons 
Fisons 
Fisons 
Sigma 
Sigma 
Aldrich 
Fisons 
Aldrich 
Sigma 
Sigma 
Sigma 
Sigma 
Sigma 
Aldrich 
Aldrich 
Aldrich 
Aldrich 
hh, 
Amines, Amino acids 
arginine Aldrich 
aspartic acid Sigma 
histidine Calbiochem 
cysteine Sigma 
threonine Aldrich 
methionine Sigma 
lysine Aldrich 
glycine Fisons 
standard amino acid mixture Calbiochem 
Other chemicals 
sodium carbonate AnalaR Fisons 
sodium hydrogen carbonate AnalaR Fisons 
boric acid AnalaR Fisons 
sodium dihydrogen phosphate AnalaR Fisons 
disodium hydrogen phosphate AnalaR Fisons 
sodium hydroxide AnalaR Fisons 
a-cyclodextrin Sigma 
D-cyclodextrin Sigma 
quinine sulphate BDH Chemicals Ltd 
perchloric acid 60% (spectrosol) BDH Chemicals Ltd 
tetrabutylammonium chloride Sigma 
ethylacetonitrile Sigma 
dansylglycine Sigma 
diammonium orthohydrogen phosphate Fisons 
potassium chloride Fisons 
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Fluorescent labels 
artho-phthalaldehyde 
fluarescamine 
Solvents 
acetone (HPLC) 
benzene 
chloroform 
ethyl acetate 
1,4-dioxane 
absolute alcohol 
X, N-dimethylf ormamide 
methanol (HPLC) 
6cetonitrile (HPLC) 
tertiary butanol 
ethanol 96% 
acetic acid 
pyridine 
benzyl alcohol 
petroleum ether (40-60*) 
nitrobenzene 
diethyl ether 
toluene 
tetrahydrofuran. 
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Sigma 
Sigma 
Aldrich 
Fisons 
Aldrich 
Aldrich 
Aldrich 
Aldrich 
Aldrich 
Aldrich 
Aldrich 
Fisons 
Aldrich 
Fisons 
Fisons 
Fisons 
Carless Solvents Ltd 
Fisons 
BDH Chemicals Ltd 
Fisons 
BDH Chemicals Ltd 
hh, 
2.2 General methods 
2.2.1 Xeasurement of absorbance spectra 
Absorbance spectra were measured using a UV-160 
UV/visible spectrophotometer (Shimadzu, Corporation, 
Kyoto, Japan). 1cm path length quartz cells were used. 
The reference cell contained pure solvent of the solution 
to be investigated, 
2.2.2 Xeasuremmeent of fluorescence spectra at rooma 
temperature 
An MPF-44B Fluorescence Spectrophotometer <Perkin- 
Elmer Ltd., Beaconsfield, Bucks. ) fitted with a DCSU-2 
corrected spectrum unit was used to record excitation and 
emission spectra. The spectra were recorded without 
correction for instrumental characteristics. Silica cells 
of 1cm path length were used for the measurements. 
2.2.3 Xeasurewent of luminescence at 77K 
Luminescence measurements were made using an SFR 100E 
spectrofluorimeter (Baird Atomic, Braintree, Essex) fitted 
with a silica Dewar flask and rotating can phosphoroscope. 
The rotating can phosphoroscope consisted of a hollow 
cylinder with one or more slits equally spaced in the 
circumference. As the can was turned the radiation from 
the excitation monochromator was allowed to strike the. 
sample and alternately the light emitted from the sample 
was allowed to reach the emission monochromator entrance 
alit This arrangement however suffered from a loss 
in precision due to sample positioning error; this was 
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overcome by Hollified and Winefordner [1161 who introduced 
rotating sample cell for low temperature phosphorescence 
measurements. 
In this work, phosphorescence measurements were made 
using the apparatus as previously described by Gifford 
11171 with two further modifications E1111. 
The Dewar flask was fixed in the path of the maximun 
incident radiation by attaching a plastic cylindrical 
block (height 9cm and wide enough to allow through the 
stem of the Dewar flask) with 3 screws to the sample 
chamber aperture in the top of the instrument. 
The sample tube was rotated by means of a variable 
speed motor (Maxon D. C. motor, 2325,921) attached 
directly to the cover of the Dewar flask. A short rubber 
band was used to secure the sample tube in the path of the 
incident light bean even at high speeds, unlike the 
previous arrangements which utilised a pulley and motor 
assembly (Fig. 2.1) to rotate the sample tube. 
The measurements were made in a silica sample tube 
with a closed end (i. d. 2mm, wall thickness, 1mm, Thermal 
Syndicate Ltd., Wallsend) cooled in a partly silvered 
silica Dewar-flask containing liquid nitrogen. To prevent 
condensation of water vapour, dry nitrogen was blown onto 
the unsilvered part of the flask. 
Total luminescence spectra, at 77K, were obtained 
when the rotating can phosphoroscope cylinder was removed 
from the light beam. To improve reproducibility of the 
measurements, the sample solution was frozen and thawed 
eaveral times before the final measurements were made. 
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Fig 2.1(a) A side view of the lid of the Dewar flaskt 
with an attached motor (right) which rotates 
the sample by means of a pulley between the 
lid and the motor. 
Fig. 2.1(b) The above arrangement with a sample tube on 
the Dewar flask, 
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2.2.4 Xeasureineut of corrected Fluorescence Spectra and 
Almorbauce Spectra using the Perkiný-Elner LS-5 
S"Dectrometer 
.9- 
2.2.4.1 Xeasure3sent of Corrected Fluorescence Spectra 
Corrected fluorescence spectra were neasured using ti 
Model LS-5 luminescence spectrometer (Perkin-Elmer Ltd., 
Beaconsfield, Bucks. ) fitted with a red sensitive R928 
photomultiplier. Data were recorded using the Model 3600 
Data Station using PECLS II Applications Software (Perkin- 
0 
Elmer Ltd, Beaconsfield, Bucks. ). 
Corrected excitation spectra were obtained directly 
from the instrument using a Rhodamine 101 quantum 
corrected reference detector. 
Emission spectra were, however, uncorrected and hence 
a correction curve had to be generated. For the region 
250 to 630nm a correction curve was obtained as described 
by Rhys Williams and Miller [1181. 
2.2.4.2 Xeasurement of Absorbance 
The absorbance values were obtained by converting the 
fluarimeter into a single beam ultraviolet (UV)/visible 
(vis) absorption spectroneter. This was achieved by 
placing a mirror at the sample focus to reflect the 
excitation light into the emission manochromator. In 
order to prevent overloading of the sample photomultiplier 
the light was heavily attenuated with neutral density 
f ilters. 
A Jc3u pathlength cuvette was placed in the reflected 
beam (Fig. 2.2) and the transmission spectrum was obtained 
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when the monochromators were scanned synchronously at the 
same wavelength. 
To obtain the transmission spectrum of the solute, 
the transmission spectrum of the sample was divided by 
that of the solvent. This was then converted into an 
absorbance spectrum. 
Fig. 2.3 compares the absorbance spectrum of pyrene 
in hexane and the excitation spectra as measured on the 
LS-5 spectrometer (Rhys Williams and Miller) E1181. As 
0 
can be seen from the diagram an excellent agreement was 
observed between the ultraviolet absorption and 
fluorescence excitation spectra. Furthermore the ratios 
of the main peaks of pyrene as measured on the UV 
absorption spectrometer and LS-5 showed that the 
absorbance values on the LS-5 fall midway between the 
values observed on the ultraviolet spectrometer set at 2 
and 4nm band widths [Table 2.11 (Rhys Williams and Miller) 
E1181. 
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From excitation 
monochromator 
To emission 
monochromator 
length 
Fig. 2.2 Schematic diagram of the transmission cell holder used 
for the determination of absorbance values 
1, 
0 
d 
a 
220 260 300 340 380 
nm 
Fig. 2.3 Comparison of absorbance and excitation spectra 
of pyrene 
(a) Absorbance spectrum 
(b) Excitation Spectrum 
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Plane mirror 
(b) 
Table 2.1 [1181 
Conparisou of peak heights of pyrene iu u-hexane usiug a 
TYV absorptiou spectrometer aud the Xodel LS-5 
Ratio of peaks Bandwidth 
Lambda 52 nm 4 nm 
241/273 1.733 1.851 
241/335 1.585 1.632 
Ratio of peaks Absorbance Fluorescence 
LS-5 2.5 nm 2.5 nn 
241/273 1.786 1.779 
241/335 1.632 1.634 
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2.2.5 Xeasurement of Fluorescence Quantun Yield 
The most widely used method for quantum yield 
determination is the relative method. Qx, the unknown 
quantum yield is calculated using the equation: - 
Qx =Q2- (1) R' ýR. ' ýI' !. R* 2--1 
AX ER IX n2R 
where QR is the quantum yield of the standard, A is the 
absorbance of the solution, E is the corrected emission 
intensity, I is the relative intensity of the exciting 
light and n is the average refractive index of the 
solution. Subscripts R and X refer to the reference and 
unknown compounds respectively. The relative intensity of 
the excitation light is taken to be unity when a rhodanine 
quantum corrected reference system is used. This 
assumption simplifies equation (1) to: 
QX = QR'ýR*! X* n2x- 
AxERn2R 
Quantum yields were measured in alkaline methanol (pH 
12). The primary quantum standard was quinine sulphate in 
0.1 X perchloric acid 11191. A quantum yield of 0.59 was 
assumed with an excitation wavelength of 347 nm. 
The refractive indices of the solutions were measured 
using an Abb6 refractometer. A value of 1.3334 was 
obtained for the alkaline methanol. The refractive index 
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of the standard was taken to be 1.333, the value for 
water. 
The absorbance values of the sanples were obtained as 
described in section 2.2.4.2 and the samples were then 
diluted to give an absorbance value in the range 0.02 to 
0.35 absorbance This ensured that the sample 
concentrations were in the linear calibration range for a 
graph of fluorescence intensity versus concentration, 
Emission spectra were measured using 2.5 nm slits and 
corrected using the correction curve obtained as described 
in section 2.2.4.1. The areas under the corrected curves 
were then calculated. The solutions were not degassed 
before measurements were made. Using equation (2) the 
quantum yields of the samples were calculated. 
The main advantage of this technique over any other 
relative fluorescence quantum yield method is the 
elimination of any errors associated with-measuring 
absorbance and fluorescence on different instrunents. 
2.2.6 Elemental Analysis 
Elenental microanalysis was carried out at the 
Microanalytical Laboratory, Department of Chemistry, 
University of Manchester. 
2.2.7 Nass Spectrometry 
Mass spectral data were obtained on an MS80 double 
focussing instrument (Kratos), with a sample resolution of 
7500. 
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2.2.8 Measurement of infrared data 
Infrared spectra were recorded using a Model 130 
Infrared Spectrophotometer (Perkin-Elmer Ltd., 
Beaconsfield, Bucks. ). Samples were prepared by grinding 
with potssium bromide and were pressed into discs or as a 
Nujol mull. 
2.2.9 NMR Spectroscopy 
Proton magnetic resonance spectra were recorded at 
9OMHz on an R32 Spectrometer (Perkin-Elmer Ltd., 
Beaconsfield, Bucks. ). The-compounds to be analysed were 
dissolved in deuterated solvents with tetramethylsilane 
(TMS) as an internal standard. 
The following abbreviations are used in the presentation 
of these spectra; s= singlet, d= doublet. t= triplet, 
q= quartet, m, = multiplet and b= broad. 
The S values are given in ppm 
2.2.10 Determinatiou of melting pojuts 
Helting point measurements were made on a Kopfler hot 
stage apparatus and were uncorrected. 
2.2.11 Xeasurement of pH 
The pH values of solutions used in the experimental 
work were measured on a Corning PT1-5 Digital pH meter. 
The instrument nesponse was calibrated before use with 
buffer solutions prepared from buffer tablets (BDH, Poole, 
Dorset) of pH 4.0,7.0 or 9.0. 
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2.2.12 Thin Layer separations 
The separations were carried out in Panglass Shandon 
TLC chromatanks lined with filter paper (Whatman No. 1) 
that had been thoroughly soaked with the developing 
solvent. The tanks were left to stand for 30 minutes to 1 
hour to allow the atmosphere inside the tank to become 
saturated with the solvent vapour and to attain 
equilibrium before the plates were inserted. 
The types of thin layer plates used are listed 
below: - 
Aluminium sheet TLC plates (Merck) coated with silica gel 
60 with F 254 fluorescent 
indicator and a layer thickness 
of 0.2 mm (Art no 5554). 
Aluminium sheet TLC plates (Merck) coated with silica gel 
60 (without a fluorescent indicator) and a layer thickness 
of 0.2 mnn (Art no 5553). 
Aluminium sheet HPTLC plates (Merck) coated with silica 
gel 60 for nano-TLC without fluorescent indicator (Art no 
5547). 
Application of the sample was carried out using a ten 
microlitre disposable pipette (American Dade Miami, 
Florida USA 33152) 2cm from the edge of the plate. The 
solvent used for the development of the plate was allowed 
to run up to a distance of 2cm from the top of the plate. 
2.2.13 Thin layer Phcmphorimetry 
The thin layer phosphorimeter used in this work (fig 
2.4) has been described in detail [1201. The 
phosphorimeter consisted essentially of two discrete 
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Fig. 2.4 : Crosssectional of a thin layer phosphorimeter 
Legend 
a is the incident light which strikes the sample at 450to the normal 
b two slits, which help to control the half-band width of the exciting 
and emitting light. 
C twosilicawindows are fitted to the outer cylindrical container at 
right-angles to each other. 
d outer container painted black 
e the sample holder. 
f the emitted light is measured from the sample at 4.? to the normal 
g single disc phosphoroscope 
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parts, a sample holder and a single disc phosphoroscope. 
The sample holder consisted of a hollow copper drum 
(diameter 6.5cm) the top of which was fitted with a narrow 
upper cylinder which could be filled with liquid nitrogen. 
The base of the sample holder rested on a motor driven 
turntable and was lipped for accurate positioning. The 
turntable was driven by a 12-V motor. A variable output 
transformer controlled the speed of the motor and the rate 
of excitation of the TLC plate to give a scanning rate 
from 2- 30 cm min The outer compartment was fitted 
with two silica windows, one allowing the incident light 
to fall on the sample spot on the TLC plate at 45* to the 
normal and the other allowing the emitted light (observed 
at 45* to the normal) to reach the detector. 
Between the outer cylinder and the sample holder, was 
a space of 7 mm which was flushed with dry oxygen free 
nitrogen. This prevented the formation of ice on the 
silica windows and allowed the nitrogen to flow over the 
surface of the TLC plate mininising any oxygen quenching 
of the luminescence. 
The phosphoroscope consisted of a thin metal disc 
with a diameter of 65 = and containing 3 equally spaced 
slots 13 mm wide and 16 =m long cut into it. It is 
painted matt black to minimise scattered light. The 
phosphoroscope is rotated by a 12 V electric motor and it 
is mounted in front of the two fixed slits in the sample 
holder compartment. Light from the excitation source 
passes through the rotating disc and fixed excitation slit 
to irradiate the sample. When the excitation light is cut 
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off by the disc, fluorescence and other short lived 
radiations decay and phosphorescence remains. The 
phosphorescence is then allowed to reach the detector 
through the emission slit which is opened as the 
excitation slit is closed. 
2.2.14 Operation of the Thin layer Phosphorimeter 
The thin layer plates were developed in ethanol to 
remove any traces of luminescence on the plate prior to 
C. 
separation. The plates were then dried thoroughly before 
use. 
After development of the chromatogram, the plates 
were cut into thin strips (20cm long and 5cm wide) and 
fixed around the hollow copper drum compartment with . 
elastic bands. The plate was then sprayed with ethanol 
until wet, and the drum filled with liquid nitrogen and 
allowed to cool for 2 minutes. The plates were then scanned 
at differing rates. When a luminescent compound was 
observed at the focal point of the optical system a signal 
registered on the photodetector circuit and was displayed 
on the computer screen. The drum was stopped when a 
signal was recorded in order to study the spectral 
characteristics of the components. Rf values of the 
components were obtained by measuring the position of the 
drum, and a quantitative estimation can be made using the 
amplitude of the signal. 
2.2.15 HPLC Instrumentation 
The HPLC system consisted of a Kontron 414 LC pump 
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and a guard column filled with silica to saturate the 
mobile phase with silica before reaching the analytical 
column. A model 7125 Rheadyne injection valve (Berkeley 
California) fitted with a 20 yl sample loop was used and 
the sample was introduced using a 10 yl glass syringe (SGE 
Australia). The column used was 10cm x 5mm I. D. packed in 
our laboratory with 5 ym ODS Hypersil (Shandon Southern 
Ltd. ). The column effluent was passed through an 8 pl 
flow cell in a Varian series single wavelength UV 
detector, then to a 25 jul 
flow cell in a Perkin Elmer 2000 
fluorescence spectrophotometer. The two detectors were 
connected to an Omniscribe recorder (Houston Instrument>. 
For quantitative work a Hewlett Packard 3390A integrator 
was used. 
2.2.16 Packing and Testing of the HPLC Columm 
The packing equipment is shown in figure 2.5. The 
pump (Haskel, SAT/RTG) was pneumatic, of large volume and 
capable of generating 15,000 p. s. i. Ow1030 bar). 
1.8 g of ODS Hypersil was dispersed in 30ml of 
methanol and shaken vigorously for 5 minutes, the slurry 
was then quickly poured into. the packing material 
reservoir and the HPLC column fitted above this reservoir 
using TEFLON seals. A pressure of about 6000 p. s. i. was 
immediately appl ied and the HPLC column packed in the 
upward direction, first using 60ml of propan-2-ol and then 
80 nil of methanol (fig. 2-6). The packing reservoir 
assembly was then inverted and the packing continued in 
the downward direction using 80 nl of the eluent, which 
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69 
was to be used later on the HPLC column. 
The efficiency of the column was tested by injecting 
10 pl of a standard solution of benzamide (10 mM) using 
methanol: water 30: 70 as the eluent. The efficiency was 
calculated using the relationship [1211. 
N=5.54 ýR 2 
w% 
The efficiency of the column was found to be 2182. 
2.3 Preparation of buffers 
2.3.1 Borate buffer 
Borate buffer was prepared as follows: 
boric acid (6.184 g) and Potassium chloride (7.455 S) were 
dissolved in doubled distilled water (1 litre) which had 
been collected in glass, and sodium hydroxide <4 g) was 
dissolved in double distilled water (1 litre). The pH was 
adjusted to 8.5 by mixing 50 ml of 0.1 M boric acid and 
0.1 M KC1 solution with 10.1 ml of 0.1 M NaOH and diluting 
the mixture to 100 ml. 
2.3.2 Sorenýmsglycine buffer 
+erLlmý-Slycine buffer 11221 was prepared as follows: 
glycine (7.5 g) and sodium chloride (5.85 g) were 
dissolved in double distilled water (1 litre) which had 
been collected in glass. Sodium hydroxide pellets (4 g) 
were dissolved in double distilled water (1 litre) as 
above. 5X hydrochloric acid solution was diluted with 
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double distilled water to 0.1 M. The pH range required 
was obtained using the relationship x ml of 0.1 M sodium 
chloride + (100 - x) ml of either 0.1 M HC1 for the low 
pH buffers or 0.1 M NaOH for the high pH buffers. 
2.3.3 Phosphate buffer 
0.2 M Na 2 HPO 4 and 
0.2 M NaH 2 PO 4 buffer was prepared 
by separately dissolving disodium 
(28.39 g) in double distilled wat4 
I 
dihydrogen phosphate (27.60 g) in 
(1 litre). The pH 7.0 buffer was 
ml of disodium hydrogen phosphate 
dihydrogen phosphate and diluting 
hydrogen phosphate 
Br (I litre) and sodium 
double distilled water 
obtained by mixing 30.5 
with 19.5 ml of sodium 
the mixture to 100 ml. 
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Chapter Three 
Synthesis of the labels 
and the derivatives 
3.1 Introduction 
The reactivity of coumarins is similar to that of 
unsaturated lactones and substituted benzenes, which are 
slightly less reactive than benzene itself 11231. 
Coumarins exhibit nornal heterocyclic behaviour and are 
easily attacked by electrophilic reagents. 
Coumarins undergo sulphonation with substitution at 
the C-6 position under vigorous conditions. Further 
sulphonation can also occur at the C-3 position E1241. 
The first attempt to sulphonate coumarin was made by 
Perkin 11251 using fuming sulphuric acid as the 
sulphonating agent. Perkin obtained the monosulphonic 
acid of coumarin at 100*C and the disulphonic acid at 
150*C but did not attempt to locate the position of the 
sulphonic acid groups. Sen and Chakravarti [1261 
synthesised the sodium salt of the monosulphonic acid 
based on Perkin's method. They showed, by oxidising the 
lactonic ring with alkaline potassium permanganate and 
obtaining from it known derivatives of salicylic acid. 
that the substitution occured at C-6. By further reaction 
of the sodium salt of the coumarin monosulphonic acid with 
phosphorus pentachloride or phosphoryl chloride, 6- 
caumarinsulphanyl chloride was obtained. A number of 
derivatives of coumarinsulphonyl chloride were prepared 
11261 however, the absorption and luminescence properties 
were not investigated. 
The method of Merchant and Shah E1271 was employed to 
synthesise the following compounds: - 6-coumarinsulphonyl 
chloride, 4-methyl-6-coumarinsulphonyl chloride, 7-methyl- 
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6-coumarinsulphonyl chloride and 4-methyl-7-diaminoethyl- 
6-coumarinsulphonyl chloride. This was by direct 
sulphonation of the coumarin nucleus using chlorosulphonic 
acid. 
3.2 Results and Discussion 
It was found by Akusoba using 
experimental conditions conducted at varying temperatures 
and with varying mole ratios of reactants, that it was the 
temperature alone which was the controlling factor for 
giving either the monosubstituted or disubstituted 
coumarinsulphonyl chloride. At a temperature of 120'C the 
disubstituted product was obtained of molecular ion 343, 
while at ambient temperatures the monosubstituted product 
was produced in very low yields. They also showed that a 
critical temperature range between 75-85*C was generally 
required for optimum yields of the monosubstituted 
product. 
Experiments, performed at a temperature of 1000C, 
using a 1: 3 molar ratios of coumarin (1) and 
chlorosulphonic acid, yielded only the monosubstituted 
form. 6-coumarinsulphonyl chloride (2) was produced 
giving rise to a molecular ion Of M/z 244 from mass 
spectrometry analysis (scheme 1). 
cisoqoH 1000C 
C19ts Q, 00,0 
0 
2hr. 
(2) 
0 
Scheme 1 
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A comparison of the 
1H NMR spectra of coumarin 
and 6-coumarinsulphonyl chloride (2) confirmed the absence 
of any disubstituted material in the reaction product (2). 
Furthermore it showed that the substituent attached at C-6 
was electron withdrawing in nature, therefore, causing a 
downfield shift in the observed signal for the product, 
Results of MICR 
54 
x4'3 
8 
For coumarin X=H 
H36.43 (d) 
H47.72 (d) 
H 
5-8 
7.0-7.6 (m) 
For 6-CSC1 X= SO 2 cl 
H3 6.6 (d) 
H4 7.8 (d) 
H5 8.3(s) 
H7 8.2 (d) 
H8 = 7.5 (d) 
The IR spectroscopy of (2) clearly showed absorption 
for a sulphono group at 1340 cM- 
1, C-0 group at 1140 cm-1 
and a keto group at 1720 cm-1. The mass spectrum showed 
the molecular ion (m/z 244,246) with relative intensity 
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46.97 and a base peak at m/z 209, a fragment of n/z 145 
due to loss of SO 2 Cl and a loss of CO and H to give a peak 
at m/z 117,89 and 63. This fragmentation pattern is 
similar to that exhibited by coumarin and previously 
discussed by Drewes 11281. 
Attempts to recrystallise the product (2) using 
MeOH: toluene (1: 1) resulted in the formation of a nethyl 
ester (3). (Scheme 2. ) 
MeO S 
C1 02S McOH 
--> 
2 ;, -, I n, 
o 01 
711. % 
n0 
0 
(2) (3) 
Scheme 2 
The formation of the byproduct (3) is due to ester 
formation (alkyl sulphonate) which is a typical reaction 
of alcohols with sulphonyl chlorides. The presence of (3) 
was confirmed by elemental analysis, mass spectrometry and 
1H NMR spectroscopy of the compound. Purification of (2) 
was best achieved using neat benzene giving colourless 
crystals in good yield. The elemental analysis obtained 
also gave excellent agreement between expected and 
observed values, therefore giving further confirmation of 
the named compound. 
The synthesis of 6-couinarinsulphonamide (4) can be 
achieved by grinding a=onium carbonate with (2) and 
heating the mixture on a steam bath for 2 hours 11291, or 
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by the method of Weber E101 for 1-dimethylamino- 
naphthalene-5-sulphonamide (scheme 3 and 4 respectively). 
Using scheme 4, strong ammonia solution is nixed with (2) 
at ambient temperature, where the product separates out 
immediately. 
HN 02S 
2 C1 02S (NH4 19 C0 
,1000 
0 2hrs, 100 C 
(2) (4) 
Scheme 3 
HN CI 02S 
NH3 2.02S 1000 
no 
(2) (4) 
Scheme 4 
It was found that both scheme 3 and 4 afforded the 
required product, but scheme 4 required a shorter reaction 
time to achieve this and at a lower temperature compared 
with scheme 3. The reaction of (2) with benzylamine at 
room temperature gave rise to the 6-coumarinbenzy1amine 
derivative (5) (scheme 5). 
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P hC H2N H0S 02 C1 2S PhC 142-+ 
no 
0 
r. t 
(0010 
(5) 
Scheme 5 
6-counarinsulphonanilide W) was prepared by 
dissolving (2) in hot aniline and heating the solution on 
a water bath for 10 minutes 11261 (scheme 6) 
C102S 
00 10min. 
Ph NH 02S no 
0 
(6) 
Scheme 6 
The propylamine derivative (7) was prepared by slow 
addition of <2) to the propylamine over a period of 30 
minutes and stirring the mixture at room temperature for 2 
hours (scheme 7). 
qH3 
C Hiý-N H 02 
C1 02S Cat! 4 H, 3 
vo""a, 
o 
30 min. 
Hs 
Ono 
(7) 
Scheme 7 
The phenolic derivatives were prepared by the slow 
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addition of (2) to the phenol or by direct mixing of the 
reactants as shown in scheme 8. Both methods afforded the 
required product but a shorter reaction time was observed 
in the case of direct mixing compared with the slow 
addition method. 
102S 
ROH 
ROO? *"*' 
(8) 
where R= C6H 5 for phenol (a) 
H 
R=I for p-cresol (b) 
CH3 
OH 
R =. 
J: 
tý 
OH 
for resorcinol (c) 
Scheme 8 
1 
The JR, mass spectra and H WMR for the resorcinol 
derivative showed that labelling occured only in one OH 
group in accordance with the results already shown by 
Cassidy and Frei 11293 for the dansylation reaction of 
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dihydroxybiphenyl compounds. The experimental data giving 
the melting points of 6-coumarinsulphonyl chloride and its 
derivatives are given in Table 3.1 
The amino acid derivatives were synthesised using the 
method described by Tapuhi [1301 for dansylation of amino 
acids with slight modifications. The pure derivatives 
were extracted from the aqueous layer using diethyl ether, 
into which most of the ether soluble amino acids were 
extracted 11311. It was not possible to obtain the pure 
derivatives of hydrosoluble amino acids such as arginine, 
histidine and cysteine as they remained in the aqueous 
layer together with the 6-coumarinsulphonic acid and could 
not be extracted. A similar observation was noted 
previously by Gros [1311 for dansyl derivatives. 
Schene 9 shows the derivatisation reaction of the 
amino acids. the ratio of the amino acid to the label (6- 
coumarinsulphonyl chloride) was maintained at 1: 5. The 
choice of optimum derivatisation conditions i. e. correct 
pH, optimum time and ratio, was determined as described in 
section 6.2.1. A number of different buffers were tried 
in the derivatisation process of the amino acids but the 
borate buffer was found to be the best at minimising side 
reactions. Similar results were previously obtained by 
Bayer et al 11321 for the derivatisation of amino acids 
using dansyl chloride. 
02ý COOH 4- R-ýN H2 
(2) 
OH 
W NH 
jo 
02ý 
0 
(9) 
acidified to pH 3.5 
extracted in diethyl ether 
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where R= -NH -t L. H3 for Alanine (go) 
COOM 
H 
I 
where R= -NH -C- H forGlycine (9b) 
I 
COOH 
HH 
II 
where R= -NH -C - C-CV14 for Isoleucine (90 
113 
COOH CH3 
H CH3 
II 
where R= -NH -C - CH 2-CH forLeucine 
(9d) 
II 
COOH CH3 
H 
If 
or Phenyl al ani ne where R= -NH -C - I NO 
COOH 
cI H2- CI H2 
where R= CH2 L LUUM for Prollne 
(90 
\r 
VC, 
H 
I 
where R= -NH C- CH20H for Serine 
(99) 
I 
tluum 
H 
If 
or Tryptophan 
where R= -NH C-c Ik-- I -oý (9h) 
COOH ýýl j 
NH 
H 
I 
where R= -NH -C - CH2 forlýrmsine 
1 (90 
COOH 
'0 
HH 
II/o, C3 
for Vallne (9 J) 
where R= -NH -C -C I\ CH3 
COOH 
Scheme-9 
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Table 3.1 
The structure, 3molecular forimula and nelting point 
of G-CSC1 and its derivatives 
X029`. 
ýo 
Structure 
X= 
-cl 
-NH 2 
-NHCH--0 2 
-NH 
lý 
-NH-CH2-CH 2 CH 3 
CH 3 
Molecular 
Formula 
c9H5 clo 4s 
C9, H. 7 N04 s 
c 16 HI 3 NO 4s 
c 15 H 11 NO 4s 
c 12 H 13 NO 4s 
c 
15 H 10 05s 
c 16 H 12 05s 
c 15 H 10 06s 
Melting 
Point*C 
115 
184-186 
147-149 
133-135 
280-290t 
128-130 
-0 
äm 
crude melting point 
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130-132 
233-236 
The pure amino acid derivatives produced were extracted 
into diethyl ether. This was necessary for the purpose of 
identification and spectroscopic studies of the 
derivatives and their separation from 6-coumarinsulphonic 
acid which was produced due to an excess of 6-coumarin 
sulphonyl chloride being present in the reaction mixture. 
The microanalysis performed on the 3-amino acid 
derivatives proved the purity of these compounds. It was 
difficult to obtain the molecular ion using electron 
bombardment of the derivatives as the derivatives 
fragmented during the process. Chemical ionisation was 
found to be better for producing the molecular ion. For 
all the derivatives proton NMR spectroscopy was 
satisfactory, but it was not able to detect the presence 
of the COOH proton. The spectral data, yields and melting 
points of the amino acid derivatives obtained are given in 
table 3.2. 
Preparation of labels with substituents in the cou3marin 
nucleus 
The syntheses of 4-methyl-6-coumarinsulphanyl 
chloride (11), 7-methyl-6-co'unarinsulphonyl chloride (13) 
and 4-xaethyl-7-N, N-diethyl-6-coumarinsulphonyl chloride 
(14) were performed using the same method as described for 
6-coumarinsulphonyl chloride (scheme 1), starting with 
various substituted coumarins. 
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(10) was prepared by the condensation of phenol with ethyl 
acetoacetate in the presence of nitrobenzene and aluminium 
chloride 11333 (scheme 10). 
OH + goCH H5 2CO0C 2 
CH3 
AIC! 3__ý 
0H 
CAN 02 
CC-COOC2H 
5 
C H3 
I 
ow 
Scheme 10 
Attempts to synthesise (15) using scheme 1 failed to give 
the required. product.. The microanalysis for compound (13). 
did not agree with the expected value. This might have 
been due to problems observed in the purification process. 
Proton IM, IR and mass specroscopy, however, confirmed 
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the structure, 
3.3 Experimental 
3.3.1 General experimental nethod 
The proton magnetic resonance, infrared spectra, mass 
spectra, ultraviolet spectra and melting point were 
determined as described in section 2.2.6 - 2.2.10. The 
buffers used for the experiments were prepared as 
described in section 2.3.1. 
4 
3.4 Synthesis of 6-coumarinsulphonyl chloride and its 
derivatives 
3.4.1 Synthesis of 6-coumarinsulphonyl chloride (2) 
A one litre, three necked round bottomed flask was 
fitted with a pressure equalising dropping funnel, calcium 
chloride guard tube and a thermometer. Coumarin (14.6 g, 
0.1 mole) was put in the flask and cooled to O*C in an ice 
bath. Chlorosulphonic acid (50 nl, 0.3 mole) was added 
dropwise with stirring at a rate sufficient to maintain 
the temperature of the reaction mixture at O*C for 30 
minutes. When the addition was complete, the mixture was 
then refluxed for 2 hours (100*C) and allowed to cool to 
room temperature. It was then poured onto crushed ice and 
a colourless solid precipitated which was filtered off 
under reduced pressure and washed with 0.001 X sodium 
carbonate solution (30 ml) and water (300 ml). The 
product (2) was then dried in a vacuum desiccator giving a 
crude yield of 91% m. p. 108-110*C. the crude product (2) 
was recrystallised 3 times using distilled benzene to give 
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a constant melting product (2) of 114-115*C (Lit., 115*C 
11263). Microanalysis results for compound C9H5 so 4 C1 
required C 44.18, H 2.06, Cl 14.49, S 13.11. Found C 
44.1, H 2.0, Cl 14,7, S 13.1. % 
3.4.2 Preparation of a3zine and phenol derivatives of 
6-counarinsulphonyl chloride (2) 
3.4.2.1 6-couitmarinsulphonamide (4) 
To 6-coumarinsulphonyl chloride (1 g) dissolved in 
acetone (9 nl) was adýed 0,880 (specific gravity) ammonia 
solution (5 =D and nixed at room temperature. The pale 
yellow solution that resulted gave rise to a colourless 
product (4) when the solvent was removed under reduced 
pressure. Recrystallisation of the product (4) from 
absolute alcohol gave colourless needles, yield 71%, m. p. 
184-186*C (Lit., 186'C E1261). Proton NMR (CDC13 ) 63.25 
(s, 2H, N-H 2 ), 6.5-7.3 (2(d. 1H. C=C)); 7.4-8.1 (m, 3H, 
aromatic) 
IR Mr) 3380 (RH 2 ), 3080 (C-H aromatic), 1715 (C=O), 
1605 
(C=C aromatic), 1340 (SO 2 ), 1140 (C-C) cm- 
1. 
3.4.2.2 6-counarinbenzylsulphon--ide derivative (5) 
Benzylamine Q ml) was added to 6-coumarinsulphonyl 
chloride (440 mg) dissolved in acetone (4 ml). A pale 
yellow solution resulted on addition, accompanied by the 
evolution of heat. After a few minutes, a pale yellow 
product separated. The mixture was evaporated to dryness 
under reduced pressure and the resulting pale yellow 
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residue dissolved in a small volume of ethanol. On 
addition of water the sulphonamide crystallised. The pale 
yellow product (5) obtained was washed with water and 
recrystallised from 50% water: ethanol mixture to give a 
yield of 68%, m. p. 147-149*C. The product was not 
characterised further. 
3.4.2.3 Aniline derivative (6) 
6-coumarinsulphonyl chloride (0.33 g) was dissolved 
in hot aniline Q ml) and the solution heated on a water 
bath for 15 minutes. The anilide precipitated out when 
the solution was poured into-hydrochloric acid (0.01 M, 40 
ml), the solution was filtered, washed with acid and water 
until neutral to litmus. The crude product was 
recrystallised from a 1: 1 mixture of 96% ethanol and 
water. Needle like crystals of (6) were deposited, yield 
60%, n. p. 133-135*C (lit. 132*C 11261). 
Elemental analysis for C 15 H 11 NSO 4 required C 59.8, H 
3.65. N 4.65, S 10.6. 
Found C 59.9, H 3.70, N 4.60, S 10.9. 
3.4.2.4 Propylanine derivative (7) 
6-coumarinsulphonyl chloride (0.05 M) in acetone (100 
ml) was added slowly to propylamine (0.01 M) in sodium 
bicarbonate pH 9.0 (100 nl) over a period. of 30 minutes. 
After stirring at room temperature for 2 hours under 
subdued lighting, the solvent was removed under reduced 
pressure and a colourless product was obtained which was 
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dried in a desiccator, 
The m. p. of the crude product (7) was 280-290*C. No 
further characterisation was done on the product. 
3.4.2.5 Phenol derivative (8a) 
A solution of phenol (0-01 M) in sodium carbonate pH 
9.0 (100 ml) was stirred at ambient temperature while a 
solution of 6-counarinsulphonyl chloride (0.05 M) in 
acetone (100 ml) was added dropwise over a period of 30 
minutes. After stirring for a further 2 hours under 
subdued light using aluminium foil, a solid product (8a) 
was formed which was filtered and washed with water. 
Recrystallisation from a 50% ethanol and toluene mixture 
gave rise to colourless needles of (8a). Yield 80% m. p. 
128-130*C (lit. 129-130 11111). 
Microanalysis for compound C 15 H 11 so 5 required C 59.6, 
H 3.3, S 10.6. 
Found C 59.7, H 3.3, S 10.9. % 
3.4.2.6 p-cresol derivative (8b) 
A solution of cresol (0.1 M) in borate buffer pH 9.5 
(100 ml) was mixed with 6-coumarinsulphonyl chloride (0.5 
X) in acetone (100 ml). The mixture was then stirred at 
room temperature for 60 minutes while protecting the 
reaction vessel from light. The colourless solid obtained 
was filtered and washed with water. The crude product 
(8b) was recrystallied from water to give colourless 
crystals. Yield 75%. In. p. 130-132*C (lit. 134*C E1113). 
Xicroanalysis results for compound C 16 H 12 0 5S required 
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C 60.76, H 3.82 
Found C 60.6, H 3.8. IR (KBr) 1725 (C=O), 1600 
(C=C)aromatic, 1335 (SO 2) cm- 
19 
Proton NMR (CDC1 3)6,2.3 (s, 3H-Me), 6.4-6.9 (2(d, 1H, 
C=C)), 7.1-7.9 (m, 7H aromatic protons). The accurate mass 
for the parent ion (M 
+) for C 16 H 12 so 5 measured 316.0384 
requires 316.0405. 
3.4.2.7 Resorcinol derivative (8c) 
The procedure for preparation was the same as 
discussed in 3.4.2.5 above using 0.1 x solution of 
resorcinol and 0.5 M solution Of 6-coumarinsulphonyl 
chloride. The colourless solid (8c) obtained was 
recrystallised from a mixture of 50% ethanol: toluene to 
give a colourless powder (8c). Yield 78% m. p. 233-236*C. 
IR (KBr) 3400 (-OH), 1730 (C=O), 1600 (C=C) aromatic, 1325 
(SO 2) CM 
-1 
q 
Proton KMR (CDC13 )6 at 3.3 (s, 1H, -OH), 6.55-6.90 (2 (d, 
1H, C=C)), 7.1-8.1 (m, 7H aromatic). 
Accurate mass for the parent ion (M 
+) for C 15 H 10 so 6 
measured 318.0162 requires 318.0198. 
3.4.3 Synthesis of almino acid derivatives (ga-j) 
10 mM of the amino acid dissolved in borate buffer pH 
8.5 (100 ml) was inixed with 50 MM Of 6-caumarinsulphanyl 
chloride dissolved in distilled acetone (100 Iftl). The 
raolution was stirred at room temperature for 40 minutes in 
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darkness. This was then acidified to pH 3.5 using 1X HC1 
and the derivatised amino acid extracted with ether. 
After drying the ethereal layer over magnesium sulphate, 
filtration and subsequent evaporation of the solvent under 
reduced pressure resulted in the isolation of the crude 
amino acid derivative. Recrystallisation from the 
appropriate solvent (table 3.2) gave the pure product. 
3.5 Synthesis of labels with substituted counarins 
3.5.1 Synthesis of 4-methylcounarin (10) 
Phenol (31.3 g, 0.32 M), ethylacetoacetate (43.5 ml, 
0.22 X) and nitrobenzene (50 mi) were added to a three 
necked round bottomed flask. The mixture was heated in an 
oil bath to 100*C and a solution of aluminium chloride 
(88.76 g, 0.66 M) in nitrobenzene was added dropwise over 
15 minutes. (The aluminium chloride was weighed in small 
quantities of 10 g at a time and dissolved slowly while 
stirring and cooling in water occasionally to prevent 
overheating). The reaction was allowed to proceed for 3 
hours at a temperature of 1300C until the evolution of 
hydrogen chloride gas had almost stopped. After cooling, 
the excess aluminium chloride was destroyed by using a 1: 1 
water: hydrochloric acid solution (85 ml). The 
flask was 
then equipped for steam distillation which gave nitro- 
benzene (33 ml) and a small amount of ethyl acetoacetate 
was collected. The hot residue was 
then transferred to a 
litre separating funnel where the aqueous layer was 
separated and discarded. 
After filtration of the organic 
layer in vacuo using cotton wool to avoid blockage by 
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tarry matter, it was distilled under reduced pressure 
where nitrobenzene was collected first. Distillation was 
continued until a temperature of 100*C at 0.1 mm Hg when 
crude 4-methylcaumarin appeared as a red yellow oil which 
solidified on cooling. The crude product was dissolved in 
ether and washed with small quantities of dilute alkali. 
This was continued until the ethereal layer was 
colourless. The ethereal layer was then dried over 
magnesium sulphate, filtered and evaporated in vacuo to 
give the crude product, which was recrystallised from 4: 1 
pet-ether (60-80*C) and benzene. Pale yellow needles were 
obtained, m. p. 82-84'C (lit. 83-85'C E1331). 
3.5.2 Synthesis of 4-imethyl-6-counarinsulphonyl chloride 
(11) 
This was prepared as described in section 3.4.1 above 
using 4-methyl-6-coumarin <1 S, 0.088 M) and 
chlorasulphonic acid <5 ml, 0.03 M). The crude product 
(11) was recrystallised from distilled benzene to give 
crystals of m. p. 142-145*C (lit. 137*C 11341), yield 
90.5%. 
Microanalysis for the resultant compound C 10 H7 so 4 Cl 
required C 46.43, H 2.72, Cl 13-7. 
. 
Found C 45.9. H 2.7, Cl 13.7. % 
IR (KBr) 1755 (C=O). 1600 (C=C) aromatic, 1335 (So 2)1 1150 
(C-0) cm. -1 - 
The accurate mass for the parent ion (M+) for CH So cl 10 74 
measured 259.9717 requires 259.9724, 
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Proton N'XR (CDC1 3)6 at 2.40 (s, 3H, Me), 6.0 (s, 1H, C- 
3H), 6.9-7.5 (m, 3H, aromatic). 
3.5.3 Synthesis of 7-methyl-6-counaLrinsulphonyl chloride 
(13) 
This was prepared in the same way as discussed in 
section 3.4.1 using 7-methyl-6-coumarin (12) (0.05 M> and 
chlorosulphonic acid (0.15 M). The crude product (13) 
resulting was recrystallised from distilled benzene. 
Yield 91.7% m. p. 165-170*C. 
Microanalysis results for compound C 10 H7 so 4 Cl 
requires C 46-43, H 2.72, Cl 13.70, S 12.39 
Found C 42.5, H 2.4, Cl 15.2, S 14.2. % 
IR Mr) 1725 (C=O). 1605 (C=Cý aromatic, 1350 (SO 2 ), 1140 
(C-0) CM -1 - 
Proton NMR (CDC1 3)62.98 (s, 
3H, Me), 6.55 (d, 2H, C=C), 
7.4-8.3 (d, 2H, aromatic>. 
The accurate mass for the parent ion (M 
+> for C 10 H7 so 4 Cl 
measured 259.9721 requires 259.9724. 
3.6 Conclusion 
G-CSCl can be obtained in a good yield and of high 
purity by direct sulphonation of counarin using chloro 
sulphonic acid. The label can be used to derivatise 
amines, phenols and amino acids at room temperature, The 
high degree of purity of the derivatives was confirmed by 
the elemental analyses results obtained. Using the same 
method, labels with substituents in the nucleus were 
synthesised. 
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Cbapter Four 
Luminescence properties of 6-coumarin 
sulphonyl chloride (6-CSC1> 
and its derivatives 
4.1 Introduction 
At room temperature under neutral conditions 6-CSCJ 
and its derivatives are weakly fluorescent, but they 
exhibit intense phosphorescence and weaker fluorescence at 
77K. This observation substantiates the findings of 
Gallivan [1341 that coumarin is only feebly fluorescent at 
room temperature, (QF<10-4 ) but exhibits intense 
phosphorescence (X em 
460 nm, T-0.45 seconds)and somewhat 
weaker fluorescence (QP/QF = 5) at 77K 11341. 
Under alkaline conditions 6-CSCl and its amino acid 
and phenolic derivatives exhibit intense fluorescence. 
This nay be explained as due to hydrolysis of the lactone 
ring by alkali to give the yellow salt of coumarinic acid 
(cis-cinnamic acid (D) [135,1361. Prompt treatment of 
the cis counarinic acid with dilute acid causes the 
structure to return to the original heterocyclic coumarin 
[135,1363. 
After prolonged treatment Of cis coumarinic acid with 
alkali, it isomerises to give the stable isomer coumaric 
acid (11) 11371. This change is accompanied ty a change 
from yellow to yellow green fluorescence due to the sodium 
counarate formed (111) 11371. Coumaric acid is stable and 
does not revert to coumarin on treatment with acid. 
Rotation of the double bond nay be achieved by treatment 
with mercuric salts. The conversion of coumarinic acid to 
coumaric acid can also be brought about by the action of 
light on the ring-opened coumarin (Feigl 11381 and Matto 
(1391). 
At low temperatures, fluorescence and phosphorescence 
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occurred over a wide pH range. 
The luminescence properties of a : molecule do not only 
depend on the structural characteristics of the molecule, 
but are also a function of the environment. A knowledge 
of possible environmental effects an the spectral 
characteristics and the quantum yields of fluorescence and 
phosphorescence emission is therefore necessary for the 
utilisation of luminescence techniques to their maximum 
potential. Since such effects are most pronounced 
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'in liquid systems special consideration is given to the 
luminescence of molecules in solution. The environmental 
factors that affect luminescence phenomena can be 
summarised under the following headings: pH effects, 
solvent effects, temperature. interaction with other. 
dissolved compounds and the concentration of fluorescent 
species 14,6,1401. 
In this work a study of the environmental factors 
with the exception of pH was carried out for the 
fluorescence properties only. The effect of temperature 
was not studied and hence will not be discussed. 
Xolecules containing acidic or basic groups and 
therefore capable of ionisation exhibit different 
luminescence characteristics depending on the pH of the 
solvent. The variation of fluorescence with solution 
acidity for any particular conjugate acid base pair 
depends on the competition between protolytic reactions 
and fluorescence lifetimes. The lifetimes of molecules in 
the lowest excited singlet state (the average time a 
molecule spends in the excited state before fluorescing) 
are typically Of the order of 10-9-10-8 sýconds- Typical 
mean times for protolytic reactions vary from a few orders 
of magnitude shorter, to a few orders of magnitude longer 
than fluorescence lifetimes. Consequently, excited state 
prototropic reactions may be much slower. much faster or 
competitive with radiative deactivation of the excited 
molecules E1411. 
If the excited state proton transfer is much slower 
than fluorescence, then the species that will emit 
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fluorescence will depend upon the species that absorbs 
light. The relative intensities of emission from acid and 
conjugate base are determined by the pKa of the ground 
state prototropic reaction. In this case the variation of 
fluorescence intensity of each species with pH parallels 
the variation of absorbance of each species with pH. In 
order for acid base reactions in the excited state to 
perturb fluorescence spectra, it is necessary for 
protolytic dissociation reactions to be appreciably more 
rapid than the rate constants for fluorescence 11421. In 
this event it is the dissociation constant of the excited 
conjugate acid pK a* which predominantly 
determines the 
fluorescence behaviour of the analyte. Since the 
electronic distribution of an electronically excited 
molecule is generally different from that of its ground 
state the pK a* of 
the excited acid is usually very 
different from the pK a of 
the ground state acid E1411. 
The difference between pK a* and pK a means 
that the 
conversion of acid to conjugate base in the excited state 
occurs in a pH region different from the corresponding 
ground state reaction. If the rates of proton transfer to 
and from the excited acid and conjugate base are 
comparable to the rates of deactivation of acid and 
conjugate base, then the variation of ralative quantum 
yields of fluorescence of acid and conjugate base with pH 
will be governed by the kinetics and mechanisms of the 
excited state prototropic reactions. 
In a certain pH 
range, the neutral molecule nay 
be the predominant 
protolytic form of the ground state. 
Absorption of 
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radiation may initially produce an excited undissociated 
molecule. Just before luminescence deactivation, an 
excited state ionisation may occur, in this case the 
observed luminescence is different from that of the 
unionised molecule. 
A typical example of a molecule that shows excited 
state ionisation is 4-methylumbelliferone. At a pH below 
7 and in hexane, it exists largely in the undissociated 
form and absorbs maximally at 325 nn. At pHs above 7,4- 
nethylunbelliferone is ionised and the absorbance shows a 
red shift. The fluorescence at 448 nn is identical in 
both cases and is typical of the anion. The behaviour of 
4-methylumbelliferone is an example of the general 
phenomenon in which fluorescent phenols ionise during the 
lifetime of the excited state 11411 and fluorescence 
results from the phenolate anion. 
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Other compounds which show sharp changes in 
fluorescence with pH are quinolines, benzoquinolines and 
their derivatives and I- and 2-naphthylamines [ 1421. 
Forster [1431 observed the fluorescence of 2-naphthylamine 
over a range of pH and found that the fluorescence in the 
range pH 2-9 occurred at 420 nm which is identical to that 
in hexane. The fluorescence is therefore due to the 
neutral molecule formed as a result of the loss of a 
proton from the excited naphthylammonium ion as follows: - 
0 
+ hv +*+ I RNH 31JI RNH 31 -4 1 RNH 21+H 
E RNH 21* -4 RNH 2+ hv' (fluorescence) 
The pH at which many compounds show excited state 
ionisation and therefore changes in fluorescence varies. 
If the fluorescence of a substance undergoes a sudden 
change at some specified pH it could be used as a 
fluorescent indicator for acid and base titrations, 
Generally a knowledge of variation of the luminescence 
properties of a molecule with pH can be quite useful to 
the analyst. In particular, many fluorimetric enzyme 
are 
assaysLbased an the excitation of 4-methylumbelliferone 
(which shows excited state ionisation) and its conjugates 
in certain pH ranges 1791. Since the fluorescent 
efficiencies of an acid and 
its conjugate base may be 
quite different, advantage may 
be taken of the 
dissociation to obtain the most strongly fluorescent 
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species for analytical use. For example, Thommes and 
Leininger 11441 have utilised excited-state dissociation 
in the fluorimetric determination of mixtures of 
hydroxybenzoic acid. 
The effect of various solvents due to their different 
viscosities and polarities are treated by various authors 
123,145-1481. These effects are manifested by wavelength 
shifts and or changes in fluorescence emission intensity. 
The changes in fluorescence phenomena brought about by 
variation of the solvent are sometimes paralleled by 
changes in the ultraviolet visible absorption. 
Simultaneous displacement of the absorption and 
fluorescence emission spectra may imply an interaction of 
the solvent with the ground and excited state of the 
molecule. When only the emission spectra are affected by 
the solvent, the interaction of the molecule with the 
solvent may be only at the excited state level [4]. 
Solvent effects are predominantly electrostatic. The 
7C-47r 
* 
and 7r -ýn spectra are mostly affected because of the 
large dipole moment changes accompanying electronic 
reorganisation and intramolecular charge transitions. The 
interpretation of solvent effects is often complicated 
because the observed changes may be the result of several 
quite different factors which are often 
inseparable. 
- The significance of hydrogen bonding in solvent 
effects has been stressed 
by several authors 1148-1511. 
Hydrogen bonding can cause either red or blue fluorescence 
shifts. An example is the 
behaviour of acridone. 
Acridone molecules can function as donors or acceptors in 
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hydrogen bond formation. Hence shifts in maxima and 
changes in intensity are possible in various solvents and 
this has been studied extensively [1521. In proton 
donating solvents such as alcohols and water the 
fluorescence intensity is increased: in proton accepting 
solvents, for example dioxane, ether and acetone, the 
fluorescence intensity is decreased 1152,11. This 
behaviour is experienced by compounds having their lowest 
7E 
* 
-7c and 7r -n states of similar energy: it may happen 
that in non-polar solvents the n 
*_ 
n state is lowest, but 
in polar solvents or admixtures, this state is shifted to 
shorter wavelengths so that the n* -n state is lower in 
energy [1411. 
Some obvious considerations apply in the choice of a 
solvent for fluorimetry. Not only should it not absorb or 
fluoresce in the frequency region of interest, it must 
11 
also be pure to avoid quenching of fluorescence, or the 
detection of fluorescence emission from contaminants. 
Furthermore, solvent-solute pairs which exhibit pronounced 
hydrogen bonding tendencies should be avoided whenever 
possible. 
It is clear that fluorescence data obtained in 
different solvent cannot be compared or equated. Despite 
a number of fundamental studies, correlations between 
macroscopic properties of solvents and the fluorescence 
energy and efficiency of a given solute are often tenuous. 
Another effect is that of concentration of the 
fluorescent species in the solution. The quantitative 
relationship between 
fluorescence intensity and 
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concentration is given by the basic equation: 
CQII 
0 
(1-e-'E bo ) -1 
where 
Q= Quantum efficiency 
10= Incident radiant power at wavelength of interest 
C= Molar absorptivity 
b= Path length of cell 
c= molar concentration 
Vhen the solutions used are so dilute that the amount of 
light absorbed is very small, then equation -1 reduces to 
2.3c cb] I Q. 1 
Equation -2 indicates that at such low concentrations when 
the exciting wavelength and intensity are kept constant, 
the fluorescence intensity will be directly proportional 
to the concentration of fluorophore. As the concentration 
of fluorophore is increased, the fluorescence signal will 
level off and finally decrease. Typical plots 
representing this effect are given by Udenfriend 131 and 
Guilbault 161. The decrease in emission is due to 
concentration quenching and inner filter effects. 
Concentration quenching includes concentration dependent 
phenomena such as dimerisation and energy transfer 11533. 
The inner filter effect has been defined by Parker and 
Rees [1541 to be a decrease in the fluorescence intensity 
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due to absorption of the exciting or emitting light by the 
solution under analysis. Inner filter effects and 
correction of the effect have been discussed by Parker 
11551 and Miller [1561. The effect is more likely to 
occur in compounds whose excitation and emission spectra 
overlap considerably. Such inner filter effects may not 
only reduce the observed fluorescence intensity but also 
result in an apparent shift in the excitation wavelength. 
Thus quinine bisulphate (in 0.1N sulphuric acid) at 1 ppm 
normally absorbs maximally at 247 nm but at 100 ppm the 
observed excitation spectrum actually passes through a 
minimum at this wavelength and the remainder of the 
excitation spectrum is also distorted 11541. 
Sample cell size and the geometrical arrangement have 
a great influence on the characteristics and magnitude of 
inner filter effects 1156,141,1571. The effect of sample 
cell size on the inner filter effect can be shown by 
comparing the linear ranges in flow cells and in static 
measurements. In HPLC a low-volume flow-through cell is 
used in order to minimise loss of chromatographic 
' 
resolution. This would cause a reduction 
in sensitivity 
and hence more concentrated samples can 
be detected and 
hence a wider linear range can be experienced compared to 
the conventional fluorescence measurements where the 
relatively large cell volume would result 
in more sample 
being detected and hence limit the linear range. 
The simplest cure for concentration quenching is 
dilution. Usually samples should be siluted to give an 
absorbance value of 
less than 0.05A 11581. However. under 
104 
certain circumstances dilution nay be undesirable as it 
may destroy the system of interest. 
Several alternatives are available including changing 
the cell size by using a micro cell, changing the geometry 
e. g. the use of front face measurement, changing the 
wavelengths and altering the slit widths and cell position 
1153,1561. 
As in the case of environmental effects cyclodextrins 
have significant effect upon the intensity of emission 
from molecules and the emission wavelength. 
Cyclodextrins are barrel shaped sugar molecules 
composed of either 6,7 or 8 glucose units which are 
denoted as (x, J3 and Y cyclodextrins respectively. The 
orientation of the glucose units is such that the larger 
end of the barrel is ringed with secondary hydroxyl groups 
that form a key-like structure through which solute 
molecules can enter 11611. The small end of the barrel 
has a rim of primary hydroxyl groups. Coupling of the 
glucose monomers produces a rigid conical structure with 
an interior cavity of specific volume. inside the cavity, 
the high electron density of the glucosidic oxygen creates 
a hydrophobic trap. The internal diameters of a, 0 and Y- 
cyclodextrins are approximately 5,7 and 9, A respectively 
(see fig. 4.1 for the structure of 0-cyclodextrin). The 
hydrophobic cavity contains one or more highly energetic 
thermodynamical unfavourable water molecules that can be 
easily displaced by any species satisfying 
the size 
criterion of fitting at 
least partially into the 
cyclodextrin interior 
11593, to form an inclusion complex 
105 
dge of secondarg 
hydroHgls 
The 'lining'of t 
caulty : glgcosli 
oH9gen bridges 
high electron d 
dge of primary 
hydroHyls 
Fig. 4.1a: Geometry of P-Cyclodextrin 
x 
yy 
0 
x 
Fig. 4.1b: A simplified comparison of how ortho., meta., and para. disubstituted 
--benzenes am accomodated into the cyclodextrin cavity. MieX-Hydophobic 
substituent, Y-Hydrophilic. Del] 
106 
ir 05A 
Favourable enthalpy changes give cyclodextrins their 
unique ability of forming stable inclusion complexes with 
a variety of organic and inorganic molecules based on 
steric selective non-bonding interactions. The driving 
force of which is attributed to Van der Waals 
interactions, hydrogen bonding 11601 and a release of 
cyclodextrin strain energy in conplexation [1613. This 
complexation ability has been discussed in the literature 
[160-1621. The natching-of the host cavity and the guest 
molecular volume appears to be a major factor in 
determining the equilibrium stability and conformational 
structure of the cyclodextrin molecule inclusion 
complexes. Aromatic groups have a high affinity for the 
p-cyclodextrin cavity, so that ortho, meta and para 
isomers of aromatic compounds can be separated because of 
the different strengths of the inclusion complexes. The 
symmetry of para-substituted molecular allows it to 
penetrate further into the cavity and be more strongly 
bound to the cyclodextrin than the other isomeric form 
(fig. 4.1b) [1611. Another influence of the effect of 
size of guest and host molecules has been studied by 
Cramer C 1641 who showed that sodium 8-anilinanaphthalene- 
1-sulphonate (ANS) exhibits a very strong fluorescence in 
the presence of p-cyclodextrin and Y-cyclodextrin whereas 
in aqueous solution or in the presence of a-cyclodextrin 
ANS shows only a weak fluorescence. These observations 
were interpreted in terms of the formation of 1: 1 
complexes of ANS and both A-cyclodextrin an 
.d 
Y- 
cyclodextrin, the latter hosts possessing an appropriate 
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cavity size for an ANS guest. a-cyclodextrin whose cavity 
size is too small to comfortably include ANS, does not 
form comparably stable complexes with ANS. Other studies 
an fluorescence enhancement using cyclodextrins have been 
conducted by various workers 1159,163-1671. 
In this chapter the luminescence properties of 6- 
coumarinsulphonyl chloride (1) and its derivatives were 
studied at room temperature and at 77K. The fluorescence 
properties of 4-Me(11) and 7-nethyl-6-coumarinsulphonyl 
chloride (13) in methanol and 9: 1 MeOH: 0.1 M NaOH were 
compared with that of 6-coumarinsulphonyl chloride. 
The effect of pH on the fluorescence intensity, 
excitation and emission wavelength and phosphorescence 
excitation and emission of 6-coumarinsulphonyl chloride 
and its derivatives was investigated. The influence of 
alkali on the ring opening of the counarin nucleus in the 
presence and absence of light was studied. 
Studies of the effect of different solvents on the 
fluorescent intensity and emission wavelengths of 
tryptophan and glycine derivatives were carried out. The 
influence of binary solvents on the fluorescence emission 
of the leucine derivative was also investigated. The 
effect of concentration on the fluorescence properties of 
the leucine derivative of 6-coumarinsulphonyl chloride was 
also studied. 
The molar ratio and concentration of the cyclodextrin 
that brought about the maximum fluorescence enhancement of 
the derivative was determined. The effect of the size of 
the a and A-cyclodextrin and the influence of the size of 
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the different derivatives an complexation were 
investigated. 
The fluorescence quantum yields, molar absorptivities 
and detection limits of several of the derivatives in 9: 1 
MeOH: 0.1 X NaOH were determined. 
4.2 General method 
Fluorescence measurements were made on an MPF 44-B 
spectrometer as described in section 2.1.2 at ambient 
temperatures. Samples (10 ppm) were prepared in alkaline 
methanol (9: 1 MeOH: 0.1 M NaOH) and were used for both 
fluorescence and absorbance measurements. All 
fluorescence spectra reported are uncorrected unless 
stated otherwise. Absorbance spectra were measured as 
described in section 2.1.1. Corrected spectra were 
obtained on the LS-5 Spectrometer as described in section 
2.1.4.1. 
Phosphorescence measurements were carried using the 
Baird Atomic SFR 100E as described in section 2.1.3 using 
Samples (10 ppm) prepared in 96% ethanol. 
a. Effect of pH 
For the effect of pH, the fluorescence emission and 
excitation wavelength was measured by diluting a stock 
solution of the alanine derivative (100 ppm) 10 times 
using Sorensonglycine buffer of different pHs. The 
emission intensity was measured within 5 minutes. 
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Effect of light 
The effect of light and alkali on hydrolysis was 
studied by diluting a stock solution of leucine derivative 
(100 ppm) 10 times using 9: 1 MeOH: 0.1 X NaOH while 
excluding light from the sample. The sample was then 
transferred to a cuvette and placed in the fluorimeter. 
The excitation slit was fully opened (20 nm) and the 
excitation wavelength fixed at 380 nm. The fluorescence 
spectrum was scanned after 1 minute, then every 2 minutes 
up to 15 minutes. Measurements were then taken at an 
interval of 5 minutes up to 80 minutes then at 10 minute 
or 15 minute intervals up to 170 minutes, The excitation 
spectrum was studied in the same way. 
To examine the effect of alkali in darkness, the same 
procedure as above was followed but the sample was left in 
the fluorimeter with the shutters closed and scanned at 
the same time intervals as for the sample in the presence 
of light. 
ce Alkaline hydrolysis 
For the alkaline hydrolysis of various amino acid 
derivatives, stock solutions (10-3 M) of the amino acid 
derivatives were prepared in methanol. The stock 
solutions were then diluted 10 times with 0.1 M 
NaOH 
solution. Fluorescence emission 
intensities were then 
measured every minute for 
the first 10 minutes and then 
every 5 and 10 minute 
intervals up to 2ýfi hours. 
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Effect of solvent 
For the effect of solvent, a stock solution of the 
tryptophan derivative (10-3 M) was prepared in 1: 1 
ethanol: 0.1 M NaOH solution. The stock solution was then 
diluted 100 times with various solvents and the excitation 
and emission spectra measured. 
7, The influence of binary solvents was studied as 
follows. A stock solution of the leucine derivative (100 
ppm) was prepared in 9: 1 MeOH: 0.1 M NaOH- The solution 
was then left to stand for 2 hours. Various ratios of 
acetanitrile water mixtures and methanol water mixtures 
were prepared ranging from 100% water to 100% organic 
solvent. The stock solution was diluted 10 times in each 
of the solvents and the spectra scanned using the same 
instrumental settings. The fluorescence intensity versus 
the percentage of organic solvent was then plotted. 
e. Effect of couceutration 
For the effect of concentration, the fluorescence 
intensity of the leucine derivative was imeasured at 
various concentrations ranging from 10 ppm to 1000 ppm at 
the same instrumental settings. 
f. Effect of cyclodextrin 
-- For the optimum cyclodextrin concentration a solution 
of the alanine derivative (10-4 M) was Prepared in 
distilled water, and diluted 10 times with A-cyclodextrin 
solutions of various concentrations ranging from 2 mM to 
15. mK. The fluorescence intensity was then measured. 
ill 
For the effect of a- and P-cyclodextrin on 
fluorescence intensity, aqueous stock solutions of amino 
acid derivatives (25 x 10-5 M) were prepared. Aqueous 
solutions of a- and P-cyclodextrins (10 nM) were also 
prepared. 1 ml of the derivative solution was diluted 10 
times with distilled water, 10 mM a-cyclodextrin and 10 mM 
ffi-cyclodextrin to give 2.5 x 10-5 M solutions. The 
fluorescence emission intensity and wavelength were then 
recorded. 
4.3 Results and discussion 
4.3.1 Absorbance and fluorescence properties of the 
derivatives 
The label (6-CSCl) and its derivatives are weakly 
fluorescent at room temperature under neutral conditions, 
as a result of which, high limits of detection of 10 ppm 
were obtained due to background interference. 
Addition of alkali to the samples resulted in a large 
increase of the fluorescence at room temperature, as under 
high pH a highly fluorescence product is formed (section 
4.1). 
The luminescence measurement made at room temperature 
were taken after hydrolysing the samples in light for 
about 120 minutes such that ring opening and rotation of 
the double bond is completed. 
The absorbance spectra (fig. 4.2 and 4.3) were 
similar but the wavelength maxima 
differed for the various 
derivatives. Maximum absorbance for, 6-coumarinsulphanyl 
chloride, 6-coumarinsulphonic acid, alanine and P-cresol 
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derivatives was at X abs 
223 nm while the maximum 
absorbance of 6-coumarinsulphonamide was at X abs of 
250 
nm. The absorbance maximum of the derivatives range from 
330 nm for p-cresal to 349 nm aniline (table 4.1). There 
was no correlation between the parent structure of the 
derivative and the absorbance maxima. 
The absorbance, spectra of 6-CSCl (1), 4-Me-6-CSC1 
(11) and 7-Me-6-CSC1 (13) were studied in alkaline 
methanol (fig. 4.4). The wavelength patterns of (1) and 
_(13) 
were similar both giving absorbance wavelengths at 
221,259 and 349 nm, with the maximum intensity at 259 nm, 
followed by 221 nm and 349 nm. the absorbance spectrum of 
(11) is however different. The 4-Me label gave 2 
absorption bands at 220 nm and 277 nm with the maximum 
absorbance at 220 nm. No peak was obtained at 349 nm, 
The intensity of (1) was higher than that of (13) at all 
wavelengths, while the intensity of (11) was higher at 220 
nm compared to (1) and (13). 
The effect of time on the absorbance spectra of the 
derivative (f ig. 4.5a & b) is shown f or the leucine 
derivative. When the sample is freshly prepared and the 
spectra taken, Xmax 365 nm is obtained on leaving the 
sample in the presence of light for two hours the maximum 
wavelength shifted to 346 nm. The leucine derivative has 
the same wavelength of maximum absorbance when the sample 
is freshly prepared as the excitation wavelength of the 
sample when it has been 
hydrolysed for some time. There 
was at discrepancy in wavelength 
between the corrected 
I spectra and the absorbance spectra 
(table 4.0, with the 
114 
Table 4.1 
Absorbance, uncorrected and corrected fluorescence 
excitation and emission wavelengths of 6-counarinsulphonyl 
chloride and some derivatives at room temperature in 
alkaline methanol 
Derivative Absorbance uncorrected corrected 
X X X X max ex em ex em 
L-a'... nine 340 368 476 366 476 
aniline 349 366 472 363 476 
ammonia 345 373 484 373 482 
benzylamine not detd 364 480 not determined 
p-cresol 330 362 462 363 463 
6-CsCl 335 364 472 369 474 
6-CSO 2H 344 368 486 367 485 
-., 
Slycine 337 366 474 368 475 
L-isoleucine 337 368 474 367 473 
L-leucine 336 368 474 367 473 
phenol not detd 360 464 not determined 
L-phenylalanine 338 366 474 366 476 
resorcinol 330 360 462 362 459 
L-serine 335 366 472 365 475 
L-tyrosine 334 360 470 367 476 
L-tryptophan 345 366 474 367 476 
L-valine 339 367 476 364 474 
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250 300 350 400 
maxinum absorbance wavelength obtained at a shorter 
wavelength compared with the corrected excitation 
wavelength. The shift in wavelength between the 
absorbance and corrected excitation spectra may be 
explained as due to the photochemical instability of 
coumarin compounds. It is possible for the derivative to 
undergo photochemical degradation while the sample is 
being scanned in the fluorimeter, as a result of which the 
photodegraded product will give a different excitation 
wavelength compared to its absorbance. Another possible 
explanation of the discrepancy could be the influence of 
time taken between performing the absorbance and corrected 
excitation measurements. Furthermore, the influence of 
alkali in the presence of light which leads to the ring 
opening and isomerisation of the double bond could be 
responsible for the discrepancy in wavelength. Similar 
discrepancy in wavelength was previously noted by Tuccio 
E791 for coumarin laser dyes and by Akusoba C 1111 . 
To eliminate the possibility that the discrepancy in 
wavelength of the absorption spectra may be due to the 
effect of the instrument, the alanine derivative was 
measured using different spectrophotometers. The 
absorption spectra obtained an two separate instruments 
(fig. 4.6a & b) gave identical results. 
The uncorrected and corrected excitation and emission 
spectra of the derivatives were measured (fig. 4.7-4.9 and 
table 4.1). From the results obtained it can be seen that 
the excitation wavelengths of the label and its 
derivatives are very similar. Similar behaviour was 
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previously obtained for other labels like dansyl chloride 
[241. 
The excitation wavelength ranged from 360 nm for 
resorcinol to 373 nm for the ammonia derivative. The 
emission wavelength ranged between 462 nm for resorcinol 
and 484 nm for the ammonia derivative. The emission 
wavelength can differentiate between the phenolic 
0 
1 
'derivatives containing 0=S=Q groups and the amido 
derivatives containing 0=1=0 groups. The excitation and 
emission wavelengths of the ammonia derivatives is higher 
than that of the amino acid derivatives. Very little 
difference in wavelength was obtained between the 
corrected and uncorrected excitation of the sample, hence 
showing very little interference from the blank. 
The fluorescence spectra of 6-CSC1,4-Me- and 7-Me-6- 
CSC1 were measured in methanol as well as in 9: 1 MeOH: 0.1 
MI XaOH. The results (fig. 4.10a and W show that only the 
7-Me label shows room temperature fluorescence under 
neutral conditions. Under alkaline conditions, the 
u nsubstituted label was about 3 times more fluorescent 
than the 7-Me label (fig. 4.10a>. The 4-Me label was 
found to be non-fluorescent under both conditions at 
ambient temperature. The 7-Me label gave a peak at x em 
470 nmwhile the 6-CSC1 gave a peak at 480 nm. The 
uncorrected fluorescence excitation and emission spectra 
of the phenolic derivatives 
ýf ig. 4.11) suggested that the 
iluorescence intensity is dependent on the substituents 
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present in the parent phenol. The resorcinal derivative 
gave the highest intensity followed by the phenol and then 
the p-cresol derivative. The difference in fluorescence 
intensity may be due to the effect of substituents in the 
aromatic ring, as explained by Lawrence and Frei 11681 and 
Rhys Williams [1691. The presence of electron-donating 
groups such as hydroxy and amino tend to enhance 
fluorescence intensity by increasing the electron density 
of the aromatic system 11681. 
4.3.2 Effect of pH 
Since the fluorescence properties of the label and 
its derivatives at room temperature depend on the pH of 
the medium that they are in, the influence of pH on the 
excitation and emission wavelengths of the alanine 
derivative was studied (fig. 4.12a, b& c). 
With increasing pH, the maximum of the excitation 
shifted slightly towards longer wavelengths. The maximum 
wavelength was constant f or pH regions 2.0,4.0 and 6.0 
(330 nm) and Jumped abruptly to x ex 
350 nm on increasing 
the pH to 8.0 (f ig. 4.12a). Between pH 9 and 13 a regular 
shi ft of 2 nm was observed (Xmax 352 nm for pH 9.0 to X max 
360 nm f or pH 13.0) U ig. 4.12b). 
Similarly the emission spectrum was dependent on the 
pH value of the solution. The emission maximum also 
shifts towards longer wavelength. 
From xmax 460 nm for pH 
2.0,4.0 and 6.0 to X max 
484 nm f or pH 13.0 (f ig 4.12b). 
Unlike the excitation maxima, there was no abrupt shift in 
wavelength between pH 
6.0 and 8.0, but a more regular 
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shift in wavelength was observed. pH 8.0 X max 
464 nm, pH 
9.0 470 nm, pH 10.0 474 nm, pH 11.0 476 nm and pH 13.0 484 
nm. 
The above suggests the possible existance of 2 
species at different pH values. At acidic or neutral pH 
the alanine derivative exists in the normal lactone form 
of the coumarin nucleus hence the species having X 
ex 
330 
nm, while at higher pH ring opening of the coumarin 
nucleus occurs and hence the excitation and emission 
wavelengths of the derivative changes (see section 4.1). 
The effect of pH on fluorescence emission intensity 
was studied for the alanine derivative (fig. 4.13). No 
fluorescence was observed under the instrumental settings 
used for the measurement at acidic and neutral pH values 
for X 
ex 
356 nm. On increasing the pH, the intensity 
increased with a large Jump at a pH value of 10.0 .. The 
increase was less gradual at pH 11.0 and 12.0 and appears 
to level off at pH 13.0. Treating the plot as a titration 
curve, the pK value of the acid was found to be 10.21. 
The fluorescence emission intensity increased when the 
sample was excited at 330 nm for the pH regions of 2.0, 
4.0 and 6.0 (f ig. 4-12c) - 
4.3.3 Effect of light and alkali an hydr-olyrjr, 
Since the fluorescence intensity of coumarin in the 
presence of alkali was found to be influenced by light 
[138,139. '; , 
170-1731, the fluorescence intensity of 
leucine was measured in the presence and absence of light 
(fig. 4.14,4.15,4.16). 
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When the derivative is subjected to hydrolysis while 
shining light from the fluorimeter (fig. 4.14). an 
increase in fluorescence intensity and a shift in 
wavelength was observed. On exciting the sample at 380 nm 
there is an increase in intensity for the first 30 minutes 
while the emission wavelength was at 510 nm. After 30 
minutes, the fluorescence intensity decreased gradually 
followed by a shift in wavelength towards the low energy 
blue region. The intensity and wavelength remained 
constant at Xem 474 nm after 120 minutes, there was no 
change in wavelength or intensity on shining light on the 
sample for a further hour in the fluorimeter. 
A similar shift towards shorter wavelength was 
observed in the excitation spectra with time, from t=1 x ex 
384 nm to X ex 
364 nm for t=120 minutes. The fluorescence 
excitation intensity increased for the first 30 minutes 
then decreased and remained constant from 120 minutes to 
170 minutes. Similar decreases in excitation wavelength 
with time in a strongly alkaline solution of 6.7-dihydroxy 
coumarin was studied by Grzywacz and Taszner E1731. They 
explained the diminishing of the long wave absorption band 
to be due to the ring opening of the 6.7-dihydroxycoumarin 
nucleus. 
4.3.4 Effect of alkali on hydrolysis in darkness 
After studying the hydrolysis of the derivative in 
the presence of light, the leucine was hydralysed by 
alkali in the dark. 
In the absence of light, only the long wavelength 
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emitting species was present. 
On shining the light from the source onto the 
solution, the intensity increases slightly and remains a 
constant at 35 minutes. In the absence of light, the 
maximum intensity obtained after 30 minutes is less than 
that observed for 1 minute when the sample has been 
irradiated Mg. 4.14 and 4.16). The short wavelength 
species was produced on leaving the sample in darkness for 
24 hours U ig. 4.16). 
On comparing the shift in wavelength in the presence 
and absence of light (fig. 4.17 & 4.18), it was seen that 
a much slower shift in wavelength took place in darkness 
(fig. 4.18) as compared with the shift in the presence of 
light. 
4.3.5 Effect of alkali in darkness for 3 days 
To confirm that the short wavelength emitting species 
is produced in the dark after a long time period, a sample 
of the leucine derivative was left for three days in 
alkali, in the dark and then irradiated. The emission 
spectrum was then measured. 
The results (fig. 4.19) indicate the presence of the 
low wavelength emitting species. On exposing the sample 
to light the intensity increased up to 35 minutes and 
remained constant after that. 
The fluorescence excitation and emission wavelengths 
of the leucine derivative in the presence of ordinary 
light after 2 hours (fig. 4.8) was compared with that 
obtained by irradiating with a xenon light source at x ex 
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380 nm for 2 hours. Similar wavelengths of excitation and 
emission were obtained for the leucine derivative in both 
cases, thus indicating that the transformation from the 
longer wavelength emitting species to the short wavelength 
emitting species can take place in ordinary light as well 
as in the presence of a xenon light source. 
The above results (fig. 4.13-4.19) suggest that in 
the presence of alkali, the lactone ring of the counarin 
nucleus opens to form non-fluorescent cis-coumarinic acid. 
On prolonged treatment of the sample with alkali in 
darkness, rotation of the double bond occurs and the 
highly fluorescent trans-coumaric acid is formed (see 
section 4-D. Trans-isomerisation is however faster in 
the presence of light and hence the formation of a blue 
wavelength emitting species occurs after 2 hours. The 
presence and isolation of counaric acid has been 
reported by Patzak and Neuberger 11711, while the presence 
of coumarinic acid and its pK value determination was 
carried out by Garret 11741. The work done by Mattoo 
[1391 showed that in addition to cis-trans isomerisation 
reported by Patzak, there is a photolysis or some other 
photochemical transformation on irradiation. It is 
reasonable to assume from the results (fig. 4.14) that 
there is an increase in fluorescence intensity for the 
first 30 minutes on exposure to light showing that ring 
opening takes about 30 minutes to reach completion, after 
which the cis-trans isomerisation takes place and hence a 
shift in wavelength of 
both excitation and emission, 
indicating the formation of a new compound. At about 2 
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hours, the coumarinic acid is completely converted to 
coumaric acid, thus giving a sample that emits at 474 nm. 
on excitation at 366 nm. The 500 nm emitting product 
formed when 7-hydroxycoumarin and coumarin are subjected 
to high pH was found to have the same excitation and 
emission wavelengths as o-hydroxycinnamic acid in alkaline 
conditions 11751. The same results were obtained 
previously by Feigl and Goldstein 11381 who showed that a 
freshly prepared alkaline solution of coumarin showed no 
fluorescence at first if observed under a quartz lamp, but 
continued exposure gradually produces a yellow green 
fluorescence which increases to a maximum. Accordingly, 
the fluorescence of an alkaline solution of coumarin is 
initiated by irradiation and it seems that the action of 
ultraviolet accelerated the change of a non-fluorescent to 
a fluorescent compound. It seems logical to suppose that 
when coumarin is dissolved in alkali, the initial product 
is the non-fluorescent cis form of o-hydroxycinnamic acid 
which rearranges on ultraviolet irradiation to the 
fluorescent isomeric trans form [1383. It is thus 
reasonable to assume that the behaviour observed for the 
unsubstituted counarin would be somehow similar to that of 
6-coumarinsulphonyl chloride and its derivatives. 
4.3.6 Alkaline hydrolysis of various andno acid 
derivatives with time 
In order to study the influence of the amino acid 
chain on the hydrolysis, various araino acid 
derivatives 
were hydrolysed with 0.1 
X NaOH and the resultant 
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fluorescence intensity plotted versus time. The maximum 
fluorescence intensity for the derivatives was obtained 
between 90 and 120 minutes (fig. 4.20). This result 
suggests that the amino acid chain does not seem to affect 
the hydrolysis time very much. This is not surprising as 
ring opening occurs at the lactone ring and should not 
depend on the parent amino acid chain. 
4.3.7 Effect of solvent 
The influence of solvent polarity on the fluorescence 
properties of the derivative (fig. 4.21a & b, table 4.2) 
demonstrates that the fluorescent intensity depends on the 
dielectric constant of the solvent. The fluorescence is 
described to be 'bluish' but there is a slight shift 
towards shorter wavelength with decreasing dielectric 
constant of the solvent followed by an increase in the 
fluorescence intensity. This is best seen in the series 
of alcohols (fig. 4.21a). The correlation is however not 
perfect as the fluorescent intensity is higher in the case 
of dimethy1formamide than in acetone or dioxane although 
the emission peak is at a longer wavelength in the former 
than in the latter solvents (fig. 4.21b). Similar 
behaviour was observed for the glycine derivative. 
The fluorescence enhancement in non-polar solvents is 
similar to that previously. obtained by Goya [983 for 7- 
anilicoumarin-4-acetic acid as well as 7-anilo-4-methyl 
counarin-3-acetic acid. 
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Table 4.2 
Fluorescence properties of tryptophan derivatives 
in various solvents 
Solvent dielectric constant >1 I 
(Debyef 
max f 
H20 78.5 480 15 
MeOH 31.2 474 30 
EtOH 25.8 472 76 
n-BuOH 19.2 470 90 
DXF 36.7 470 91 
acetone 21.5 460 40 
dioxane 3.0 454 13 
*(Rot-23) 
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4.3.8 Effect of binary solvent on fluorescence intensity 
Since the derivatives could be analysed using HPLC 
systems (chapter 7), the influence of binary solvents on 
the fluorescence intensity of the derivative was studied. 
This study was made because if there is a need to use 
gradient elution in HPLC, then the optimum water/methanol 
or water/acetonitrile system that will produce maximum 
fluorescence intensity can be obtained. 
The fluorescence intensity of the leucine derivative 
increases with an increase in the organic content of the 
solvent (fig. 4.22). The curve for the acetonitrile is 
steeper with an increase in the acetonitrile content as 
compared to the methanol aqueous curve. A larger slope 
for the acetonitrile aqueous curve (1) indicates more 
interaction in the environment of the molecule with an 
increased content of acetonitrile compared to methanol. 
The observed solvent effects nay be explained 
qualitatively according to Lippert's theory E1761 which 
relates the position of the emission spectrum with the 
degree of interaction betwe'en solvent and solute dipoles. 
In deriving this relationship, Lippert considered the 
dielectric constant of the solvent, the refractive index 
as well as the dipole moments of the solvent and solute. 
In many fluorescent organic compounds, the excitated 
state has a much higher dipole moment than the ground 
state. Energy is thus lost by the dipole dipole 
interaction with the solvent molecules during the lifetime 
of the excited state and as the amount of interaction 
increases, the emission moves further towards the red. 
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20.40 80 80 100 
% Organic solvent 
Generally emission occurs at longer wavelength in highly 
polar solvents. 
4.3.9 Effect of concentration of the derivative on 
fluorescence 
In order to determine the linearity range, 
experiments were performed on the effect of concentration 
of the leucine derivative an the fluorescence intensity. 
The results of the experiment (fig. 4.23a &b and fig. 
4.24) showed a reduction in the fluorescence intensity 
with an increase in concentration of the sample in the 
rangeloo ppmto 1000 ppm(fig. 4.23a). An increase in 
concentration is paralleled by an increase in fluorescence 
intensity for the concentration range between 20 ppm to 
100 ppm (fig. 4.23b). 
plot of fluorescence intensity versus concentration 
of leucine for the concentration ranges 0 to 600 ppm (fig. 
4.24) gave a straight line for the first part of the curve 
between 0 and 100 ppm, above this concentration the graph 
is seen to curve. From the graph the linearity range of 
the derivative on the high concentration range is found to 
be between 10 and 100 ppm. The linearity range in the 
lower concentration range was determined to be 0.002 ppm 
(section 4.3.11, table 4.4). The overall working range of 
the leucine derivative was determined to be 0.002 ppm to 
100 ppm. 
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4.3.10 Effect of cyclodextrin 
4.3.10.1 Determination of optimum A-cyclodextrin 
conceutration 
The fluorescence intensity of the alanine derivative 
was studied in the presence of various A-cyclodextrin 
concentrations in order to determine the concentration and 
molar ratio of P-cyclodextrin to the derivative that will 
bring about the maximum fluorescence enhancement. 
The fluorescence intensity increased with an increase 
in concentration of the P-cyclodextrin and reached a 
plateau between 8 and 10 mM (fig. 4.25). A similar 
observation was previously noted by Tsuj 11771 for dansyl 
valine. On increasing the cyclodextrin concentration 
above 10 mM, the fluorescence intensity began to decline. 
A further decrease was noted in the presence of 15 nX A- 
cyclodextrin (fig. 4.25). The decrease in fluorescence 
may be explained by aggregate or nicelle formation between 
the p-cyclodextrin molecules in high concentration. The 
micelle formation will thus result in less cyclodextrin 
being available for complexation with the alanine. The 
optimum p-cyclodextrin ratio was determined by measuring 
the fluorescence emission of 10-5 M alanine 
various p-cyclodextrin molar concentrations 
Maximum fluorescence intensity was obtained 
ratio of P-cyclodextrin : alanine 
derivative 
Above this ratio, the fluorescence intensit- 
derivative at 
(fig. 4.25). 
at the molar 
of 720 to 900. 
decreased. 
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4.3.10.2 Influence of 0-cyclodextrin on fluorescence 
intensity 
The effect of 0-cyclodextrin on the fluorescence 
intensity of the alanine derivative was studied by 
measuring the intensity of various concentrations of the 
alanine derivative in the presence and absence of 10 nM 
cyclodextrin solution (duplicate 1 ml. samples being 
diluted 10 times with distilled water and the other with 
10 mM P-cyclodextrin solution). 
The results of the experiment were plotted in a 
standard curve (fig. 4.26). From the graph it can be seen 
that in the absence of A-cyclodextrin, the standard curve 
seems to be a flat line thus showing very little variation 
of fluorescence intensity with concentration of the 
derivative. The curve in the presence Of A-cycladextrin 
is steeper and shows enhancement of the fluorescence 
intensity with concentration. The limits of detection 
(based upon a signal equivalent to the blank plus three 
times the standard deviation) 11781 of 0.05 ppm for the 
alanine derivative in the presence of A-cyclodextrin was 
obtained. 
The influence of 10 mM P-cyclodextrin on fluorescence 
emission intensity (fig. 4.27) show that an enhancement of 
almost 9 times is obtained in the presence of p- 
cyclodextrin. The shift to shorter wavelength in the 
emission in the absence of P-cyclodextrin may be explained 
as due to Raman scattering of water in a weakly 
fluorescent sample. 
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4.3.10.3 Fluorescent enhancement with a- and A- 
cyclodex-trin I 
Next. the effect of size of a- and 9-cycladextrin as 
well as the influence of the size of the derivative on 
fluorescent enhancement was studied. The fluorescence 
intensity was measured in aqueous samples, in the presence 
of a- and J3-cyclodextrin and the results compared. 
The fluorescence intensity in the presence of (x- 
cyclodextrin did not differ much from the sample in water 
(fig. 4.28a, b, c& d). The relatively smaller 
fluorescence enhancement with a-cyclodextrin compared with 
9-cyclodextrin (table 4.3) suggests that the size of a- 
cyclodextrin, being smaller than A-cyclodextrin, will not 
facilitate complexation with the analyte. P-cyclodextrin, 
on the other hand, is the right size to form inclusion 
complexes with the analyte. The importance Of natching 
the analyte size with the cyclodextrin cavity size can be 
shown by comparing the fluorescence enhancement of 
different derivatives with a- and A-cyclodextrin. 
The degree of enhancement of the various cyclodextrin 
cavity sizes can be rationalised by considering the 
difference in physical size of the respective derivatives. 
The relatively greater enhancement in fluorescence and 
hence the largest ratio with respect to the aqueous system 
is obtained with the glycine derivative, which is the 
smallest in size, while the relatively smaller enhancement 
in fluorescence in A-cyclodextrin of phenylalanine and 
tyrosine may be due to a poorer fit of these relatively 
large molecules into the cavity. As the physical size of 
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Table 4.3 
Ratios of fluorescence intensity of the emission peaks in 
a- and J3-cyclodextrin and their respective wavelengths 
Sampl e cc-CD/H 20 J3-CD/H 20 H20 a-CD P-CD 
>1 em em em 
-Slycine 2.333 12.66 440 450 468 
L-alanine not detd 11.87 440 - 468 
L-PhAla 1.830 6.00 446 446 460 
L-serine 2.570 9.35 450 450 458 
L-tyrosine 1.000 3.35 450 450 450 
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the derivative was increased, the fluorescence enhancement 
decreased (table 4.3). 
In addition to the size, the hydrophobicity of the 
analyte established the strength of the complex, more 
hydrophilic species form weaker complexes producing a 
smaller fluorescence signal 11631. This effect can 
account for the small enhancement of the serine 
fluorescence which possesses a hydroxyl group which can 
hydrogen bond with the cyclodextrin molecule, thus 
resulting in a smaller fluorescence enhancement. 
0 
A shift in wavelength was observed for the different 
derivatives in the presence of A-cyclodextrin (fig. 4.28a, 
b, c& d) with the maximum wavelength obtained with the 
glycine and alanine derivatives. The interference from 
the blank on a weak fluorescence signal for the samples in 
water as well as in a-cyclodextrin brought a shift towards 
the short wavelength region of the spectrum. 
4.3.11 Detection limit 
The detection limits of the amino acid derivatives 
were determined in 9: 1 MeOH: O. l X RaOH- The fluorescence 
intensities of a series of solutions of concentrations 
ranging from 0. '001 ppm to 1 ppm were measured at a fixed 
excitation maximum and emission wavelength under the same 
experimental conditions using 
identical instrumental 
setting$. A graph of concentration versus fluorescence 
intensitywas plotted for all the derivatives studied. 
From the plots the limit of detection was obtained. The 
detection limit was taken as the amount of sample yielding 
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a fluorescence intensity equal to the background signal 
plus three standard deviations 11781. 
The calibration curve (fig. 4.29) for the alanine 
derivative gave a straight line with a slope of 71.13 and 
the limit of detection was found to be 0.005 ppm. Using 
the same procedure as for alanine, the detection limits of 
glycine, leucine and phenylalanine were calculated. The 
results (table 4.4) showed that the maximum detection 
limit was obtained for leucine, followed by phenylalanine, 
alanine and finally glycine, which indicates that although 
the fluorophore is the same, the parent side chain seems 
to have an influence on the fluorescence intensity of the 
derivative. Similar results will be shown below for the 
experiment conducted an the quantum yields as well as 
molar absorptivity of the derivatives. 
4.3.12 Fluorescence quantuma yields 
The quantum yield provides an information about the 
fluorescent nature of the derivative, hence it is of great 
interest to calculate the quantum yields of the 
derivatives of a new label. The quantum yields are 
determined as described in section 2.1.5. Since it is 
difficult to measure absolute quantum yields, the values 
calculated by this method are relative quantum yields. 
The results obtained are by no means definitive as it is 
possible to obtain a variation in the value by using a 
different instrument, but the relative order of the 
quantum yield should be the same. 
The maximum fluorescence quantum yield is obtained 
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Table 4.4 
Detection limits of various derivatives 
Sample 
leucine 
glycine 
alanine 
phenylalanine 
detection limit 
PPM 
0.002 
0.078 
0.005. 
0.003, 
Table 4.5 
Room Temperature fluorescence quantura yields and 
molar absorptivities 
Derivative Qf c 
mol-l cm-l 
leucine 0.185 9170.48 
phenylalanine 0.148 7045.97 
alanine 0.106 4166.90 
Slycine 0.097 3499.29 
tyrosine 0.085 3352.20 
cresol 0.077 3223.00 
proline 0.063 2929.61 
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for leucine and the minimum for proline (table 4.5). The 
quantum yield of the leucine derivative is about 2.93 
times higher than that of the proline derivative. Of the 
aliphatic amino acids, leucine has the highest efficiency, 
followed by alanine and glycine. The quantum yield of the 
tyrosine derivative is much lower than that of the 
phenylalanine derivative. Phenolic derivatives have a 
lower quantum efficiency than amino acid derivatives. As 
previously mentioned above, the amino acid side chain must 
play a significant role in the radiationless transition 
from the excited state, similar findings for dansyl amino 
acids were reported by Chen 1231. 
4.3.13 Xolar Absorptivities 
The molar absorptivity was determined by measuring 
the absorbance of 50 ppm and 100 PPm solutions of the 
different derivatives in 9: 1 MeOH: 0.1 M NaOH- The molar 
absorptivies (c) were than calculated using the following 
relationship: 
iE bo 
A- 
bc 
where c is the concentration in moles litre 
b is the path length in cm, 
A is the absorbance 
The units of c are 1 mol- 
1 
cm- 
The results (table 4.6) show that high molar 
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absorptivity values were obtained for the derivatives. 
This accounts for the highly fluorescent nature of the 
derivatives although the quantum yields obtained are low. 
4.3.14 Phosphorescence Properties of the label and its 
derivatives 
The luminescence properties of the label and its 
derivatives were measured in ethanol glasses at 77K in the 
presence and absence of the phosphoroscope in the beam. 
The results (table 4.6, fig. 4.30,4.31 4.32 and 4.33) 
showed that the compounds studied exhibited fluorescence 
with a maximum at 375 nm apart from serine which has a 
fluorescence maximum at 371 nm. Most aliphatic amino 
acids exhibited phosphorescence maxima between 496 nm for 
serine and 505 nm for alanine. The phosphorescence maxima 
for aromatic amino acids seen to be lower with tryptophan 
having a maximum at 482 nm and phenylalanine at 493 nm 
(fig. 4.30). Aniline exhibits a rather high 
phosphorescence maximum at 516 nm (fig. 4.31). The 
fluorescence of the alanine derivative at 77K is 
relatively lower than that of 6-coumarinsulphonic acid 
(fig. 4.32) while the reverse is the case for 
phosphorescence. 
The shape of the phosphorescence spectra is similar 
for all of the derivatives, possessing 2 maxima of unequal 
intensity. The maximum intensity in all cases is seen at 
the longer emission wavelength. The phosphorescence 
excitation wavelengths of the label and its derivatives 
are very similar ranging between 316 nm and 324 nm. 
I 
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Table 4.6 
The Luminescence Characteristics of 6-CSCJ and its 
derivatives in ethanol glasses at 77K 
Derivative 
ex 
>1 flu phos 
nm nm nm 
alanine 324 375 465,505 
ammonia 318 375 464,499 
aniline 318 N. D. 470,516 
6-cscl 321 375 465,499 
6-CSO 2H 320 375 466,499 
glycine 324 375 462,502 
leucine 320 375 465,502 
phenol 316 375 462,499 
phenylalanine 322 375 462,493 
serine 316 371 459,496 
tryptophan 318 375 456,482 
N. D. not determined 
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4.3.14.1 Effect of pH on Phosphorescence 
The effect of pH on luminescence properties of the 
derivatives was studied by measuring the luminescence of 
the alanine derivative dissolved in ethanol: hydrachloric 
acid (pH 1.0), ethanol (pH 7.0) and ethanol: sodium 
hydroxide (pH 12-0). 
The results (fig. 4.33 & 4.34) show that there is a 
slight shift in wavelength and intensity an increasing the 
pH of the ethanol. The fluorescence maximum shifted from 
371 nin at pH 1.5 to 381 nm at pH 12.0 (fig. 4.34). The 
phosphorescence spectra (fig. 4.33) at different pHs show 
an increase in intensity with increasing pH followed by a 
yellow shift in wavelength. At pH 1.5 the maximum 
emission is at 498 nm, at pH 7.0 506 nm and at pH 12.0 509 
nm. 
Experiments performed (fig. 4.35 and fig. 4.36) an 
the excitation specta at various pHs gave the same 
wavelength and the same spectral pattern whether the 
fluorescence or phosphorescence emission wavelength was 
fixed. The intensities at neutral and alkaline pHs were 
however higher than at acidic pHs. 
The results obtained (fig. 4.32 and 4.34) show 
clearly that at 77K the compounds seem to be more 
phosphorescent than fluorescent, the only exception being 
the case of 6-coumarinsulphonic acid which was much more 
fluorescent than phosphorescent. Due to the scattering 
produced when the phosphoroscope 
is not connected the 
fluorescence signal appears to be higher than it actually 
is and does not start at the baseline. 
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4.4 Conclusion 
Although not a highly fluorescent compound at room 
temperature, experiments show that on adjusting the 
environmental conditions, 6-coumarinsulphanyl chloride can 
be used as a fluorigenic label for amino acids, anines and 
phenolic compounds. The 7-methyl-6-counarinsulphonyl 
chloride shows room temperature fluorescence under neutral 
conditions. At high pHs, it was less fluorescent than the 
unsubstituted label. 4-nethyl-6-coumarinsulphonyl 
chloride did not exhibit fluorescence at neutral and 
alkaline pHs. 
Studies on the effect of pH and time on ring opening 
suggest that the sample should be left in alkaline 
conditions in light for at least 90 minutes before taking 
any fluorescence measurements. Failure to do so nay 
result in obtaining a continuous shift in wavelength for 
both excitation and emission spectra. To allow the 
comparison of the fluorescence of different samples, the 
samples should be left in alkali for the same time 
duration before making any measurements 
It is important that analytical measurements are made 
within the linearity range of the derivative, otherwise a 
loss in signal is obtained at very high concentrations. 
The results obtained for the cyclodextrin experinents 
demonstrate indirectly that for those molecules which meet 
the size criteria of at least fitting partially into the 
cyclodextrin cavity, enhanced fluorescence intensities and 
lower limits of detection can be obtained. 
The detection limits obtained for the alanine 
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derivative in alkaline methanol was at least 10 times 
better than that obtained in the presence of 10 mM J3- 
cyclodextrin. Hence it will be more economical to subject 
the samples to hydrolysis rather than utilise 
cyclodextrin which is an expensive reagent. 
The luminescence of the label and its derivatives at 
77K was independent of the pH of the medium, this would 
then avoid the hydrolysis stage which must be employed for 
room temperature fluorescence. The label and its 
derivatives were found to be more phosphorescent than 
fluorescent at 77K. 
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Chapter Five 
Chromatography properties 
of the derivatives 
5.1 Introduction 
High performance liquid chromatography (HPLC) has 
emerged as a significant technique for the analysis and 
separation of underivatised as well as derivatised amino 
acids. The separation of free amino acids has been 
carried out by several workers and reviewed by Hancock and 
Harding 11791- The polar nature of free amino acids and 
the lack of a suitable means of detection had usually 
necessitated the use of derivatisation techniques [1791. 
In HPLC, the two major types of derivatisation 
procedures are defined by Frei and Santi E1801 as pre- and 
post-column derivatisation. They considered ion-pair 
separation to be an example of the pre-column 
derivatisation technique. 
5.1.1 Pre-colunm derivatisation 
In pre-column derivatisation the sample is chemically 
modified prior to injection onto the column. The 
advantages of pre-column derivatisation have been 
discussed by Lawrence and Frei [1681, Sternson E1811 and 
Frei and Santi 11801 and can be summarised as follows: - 
The reaction conditions can be chosen freely, unlike post- 
column derivatisations no restriction is imposed on the 
solvent system used by the mobile phase. 
In the same way, reaction kinetics impose very little 
limitation as a very long reaction time can be used. In 
post-column derivatisation 
however. reactions should be 
fast, slow reactions require longer reaction times and 
correspondingly larger reaction units (long spiral) with 
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t 
the associated problems such as a large pressure drop and 
loss of resolution. 
Derivatisation prior to chromatography can be used as 
a clean-up step by eliminating interfering by-products 
through the use of specific and selective extraction 
procedures. 
The excess of reagents can easily be eliminated in 
contrast to reaction after separation. Chromatographic 
properties of the samples can often be greatly improved. 
Drastic reaction conditions such as refluxing can be 
used in this technique, without the need for hardware 
modification and hence have the advantage of preserving 
instrument flexibility. 
Finally, pre-column derivatisation also offers the 
possibility of parallel processing. the derivatisation of 
a number of samples simultaneously so that the reaction 
time does not limit sample throughput [1821. 
The major disadvantage of the pre-separation approach 
is the possibility of forming multiple products from one 
analyte or formation of artefacts, which may interfere 
with the determination. Furthermore the reactions must be 
quantitative or at least reproducible in both standard and 
analysis assays. 
5.1.2 Post-columm derivatisation 
Vhen derivatisation is carried out immediately 
following the elution of the sample band from the column, 
the process is termed post-column derivatisation. In this 
technique chromatographic systems MUst be employed which 
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separate intact the parent compounds with their 
characteristic functional groups. Since post-column 
derivatisation is carried out in a moving liquid stream, 
it is important that these reactions are fast in order to 
keep the reaction spiral as short as possible so as to 
minimise solute band spreading. 
Post column derivatisation is applicable to a wide 
variety of compound types. It is in many respects 
complementary to pre-column derivatisation E1831. 
The major advantage of such an approach is that 
formation of artefacts is not likely to interfere unlike 
pre-column dervatisation where artefact formation is a 
major drawback. It is not necessary for the reaction to 
be complete or well-defined as long as it is reproducible. 
The derivatisation process does not interfere with the 
chromatography and the sample separability properties are 
retained. 
It is possible to use different detection principles 
simultaneously for example detection with a UV detector 
immediately after the column, then derivatisation with a 
fluorigenic reagent followed by fluorescence detection. 
This permits detection of substances with a poor UV 
chromophore. The limitations of this mode of operation 
are: 
The reaction medium can be influenced strongly by the 
eluent, in many cases this can lead to solubility problems 
with reagents or reaction products or to Possible side 
reactions with the solvent. Very seldom will the optimal 
chromatographic eluent also provide an ideal reaction 
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medium, hence a compromise is often needed, which often 
imposes certain restrictions on the use of the gradient 
elution technique. Post-column reactions must be rapid in 
order to avoid the use of large reactors which can cause 
dead volume resulting in a loss of resolution. It is 
necessary that the derivatisation reagent must not be 
detectable under the conditions used for detection of the 
derivative. 
Furthermore there is often a need for hardware 
c 
modification with attendant loss in flexibility. 
It is these limitations that make the use of pre- 
column derivatisation easier to adopt and hence more 
widely used in analysis as compared to post-column 
techniques. However, the use of autoanalysers and 
automation techniques favour post-column derivatisation 
and this technique could be of considerable importance in 
solving complex analysis problems in many areas. The 
construction of better mixing devices and reactor coils 
favour this technique further as through the use of 
suitable reactors even slower reactions can be carried 
out. 
In this work, pre-column derivatisation has been used 
to derivatise amino acids and phenols. The weakly 
fluorescent nature of the derivatives under neutral 
conditions necessitated the use Of Post-column addition of 
alkali to the eluent after separation. The slow reaction 
between alkali and the derivatives however, proved the 
post-column addition of alkali to be unsuitable for the 
analysis and hence hydrolysis of the derivatives with 
172 
alkali in the presence of light prior to injection and 
reverse phase ion-pair chromatography was used for the 
separation The influence of pH, concentration of 
counter ion and the types and concentration of the organic 
modifier on the ion-pair chromatography was also studied. 
5.2 Experimental 
The HPLC instrumentation is as described in section 
2.2.15. Pure standards (1000ppm) were prepared in 
methanol, these were then diluted 10 times with water and 
injected onto the column. The mobile phase was degassed 
using a vacuum and then pumped through the column for at 
least 60 minutes to equilibrate the column prior to 
injection. For the chromatographic separation a flow rate 
of o. 8 ml min- 
1 
was used. The samples were detected using 
254 nm. as the wavelength for UV detection and X ex 
364 nm 
and >em 474 nm for fluorescence detection. 10yl of sample 
was injected in all cases. 
5.2.1 Post-column derivatisation 
For post-column derivatisation aY Junction was 
connected at the outlet of the UV detector. One arm of 
the Y junction was connected to the pump which pumped in 
alkali, while the other outlet lead to the reactor coil 
and then to the fluorimeter (Fig. 5.0). Three types of 
reactors were used, one was a Teflon tubular reactor 
length 0.5 n and i. d. 0.3 mm, the second type was a Teflon 
tubular reactor length 1m and i. d. 0.6 mm and the third 
one was a knitted Teflon reactor i. 
d. 0.15 mm total length 
I 
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! Zl 1 
Fig. 5.0 Diagram-showing instrument used for postsolumn derivatisation 
I. Pump 
2. Pro-column(Guard column) 
3. injection loop 
4. Analocal column 
5. UV detector 
6. Y Junction 
7. Reactor coil 
8. Pump to pump in alkali 
9. Perkin Elmer Fluorescence detector 
10. Recorder 
M Integrator 
12. Reagent reservoir waste 
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1m of which 72 cm was knitted according to the method of 
Lilig and Engelhardt [1841. 
5.3 HPLC with UV detection 
Standard samples of serine and alanine derivatives 
were prepared as described above (section 5.2) and 
examined using various aqueous methanolic systems as well 
as acidic conditions. The samples were detected using 
x 
abs of 
254 nm. 
5.4 HPLC with UV and fluorescence detection 
The same standards as above (section 5.2) were used. 
Various aqueous methanolic mobile phases were prepared and 
the pH adjusted to pH 3.0 and pH 5.0 using KH2PO4 buffer. 
The eluent MeOH: KH2 PO 4 buffer 20: 80 pH 3.0 was mixed 
post-column with alkali (1M sodium hydroxide solution) in 
a tubular Teflon reactor i. d. 0.3 mm length 0.5 n and then 
detected by the fluorimeter. 
5.4a Effect of alkali flow rate on fluorescence intensity 
The eluent from the Column was mixed with alkali in a 
Teflon tubular reactor i. d. 0.3 mm length 0.5 m. The 
apparatus wa arranged as described in section 5.2.1 and 
detected in the fluarimeter. 
5.4b Effect of the size of the post-columm reactor 
The serine derivative, prepared as above (section 
5.2), was injected onto the column. The eluent was mixed 
with alkali using a tubular Teflon reactor i. d., 0.3 r= 
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length 0.5 m, a knitted Teflon reactor i. d. 0.15mm length 
lia and a tubular Teflon reactor i. d. 0.6mm length 1m and 
then detected by the fluorimeter. The alkali flow rate 
was maintaineot 0.3 ml nin- 
1 in all cases. 
A standard mixture of 6-caumarin sulphonic acid, 6- 
coumarinsulphonyl chloride derivatives and benzamide was 
prepared as described in section 5.2 analysed on the 
column and the eluent mixed with alkali in a tubular 
Teflon reactor i. d. 0.6 mm length 1m prior to detection. 
5.5 HPLC following hydrolysis, using ion-pair 
chronatography 
Samples were prepared in methanol and diluted with 
water to give a concentration of 10ppm. 0.1M sodium 
hydroxide was added to the samples. The samples were then 
hydrolysed by the alkali in light for about 10 minutes. 
1M hydrochloric acid was then used to bring the pH of the 
sample back to pH 7.0.0.25M tetrabutylammonium chloride 
was prepared in water, 20ml of which was added to the 
mobile phase such that the final concentration of the ion- 
pair agent in the eluent was 0.005 M. The mobile phase 
used for the separation was MeOH: H20 20: 80 pH 8.2 
(KH 4)2 HPO 4 buffer 
0.0125 M 0.005 M (Bu) 4N+ C1- 
5.6 Derivatisation of glycine with orthophthalaldehyde 
(OPA) 
A solution of glycine (10-3 K) was prepared in water. 
Glycine solution (0.1 ml), borate buffer (pH 9.0,0.6 ml). 
ethanethial solution (1% volume by volume, 0.1 ml) and OPA 
176 
(0.2 ml) were mixed in a sample tube E1853. The OPA- 
glycine derivative was then injected onto the column. 
5.7 Results and discussion 
Chromatographic separations were performed an a 
reversed phase C18 column using aqueous methanolic systems 
as well as aqueous acetonitrile. The optimum 
chromatographic conditions were attained by injecting pure 
standards of the amino acid derivatives (synthesised as 
described in section 3.3.3) and monitoring the capacity 
factors as well as resolution. 
5.7.1 HPLC with UV detector 
HPLC with UV detection was studied by injecting 
standards onto the column using an aqueous eluent which 
was unbuffered. (Fig. 5.1a, b and c) and detected using a 
UV detector. The use of a neutral aqueous methanolic 
system proved to be unsuccessful in the analysis of the 
derivatives as the components were not retained on the 
column, even when the organic content of the mobile phase 
was decreased. This is due to the ionisation of the COOH 
group present in the derivative, to give COO which has a 
high affinity for the polar mobile phase and hence the 
compounds are eluted rapidly. 
In order : to lengthen the retention times. it is 
necessary to use conditions that will supress the 
ionisation of the COOH group. Hence phosphate buffer was 
used to buffer the eluent to a lower pH, On increasing 
the acidity of the mobile phase, an increase in retention 
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time of the alanine derivative from 1.6 minutes at neutral 
pH to 6 minutes at pH 3.0 was observed (Fig. 5-2a and b). 
After determining a suitable pH for the 
chromatographic system, a mixture of 6-counarin sulphonyl 
chloride derivatives containing a standard (benzamide) was 
injected onto the column (Fig. 5.3). A good separation 
was obtained under these conditions i. e. MeOH: XH 2 PO 4 
buffer 30: 70 pH 3.0. 
5.7.2 HPLC with UV and fluorescence detection 
After showing that the derivatives could be analysed 
using UV detection, the system was operated with 
fluorescence detection. Wo fluorescence was observed 
under the chromatographic conditions used. On increasing 
the pH of the eluent to pH 5, the detection was improved, 
but still gave a much weaker signal when compared to noise 
than the UV (Fig. 5.4 )--, -_ 
Since the signal to noise ratio is =ch higher for UV 
than fluorescence (Fig. 5.4), it indicates better 
sensitivity for UV compared to fluorescence detection. 
However, fluorescence should be a potentially much more 
sensitive technique than absorption and a much stronger 
signal to noise ratio would have been expected from the 
fluorimeter for a fluorescent compound. To check that the 
weaker signal obtained in the fluorineter was due to the 
weak fluorescence of the derivatives and not an 
instrumental fault, a standard sample Of salicylandde of 
the same concentration as the alanine derivative was 
injected onto the colu=. A much stronger fluorescence 
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signal was obtained from the flucrimeter at a lower gain 
setting than was previously used for the alanine 
derivative. 
In the previous studies (section 4.3.2) it was shown 
that the derivatives are weakly fluorescent in acidic and 
neutral pH and require a high pH to exhibit fluorescence. 
Since a high concentration of alkali in the eluent would 
dissolve the silica based column packing and would result 
in short retention times, there is a need to raise the pH 
of the sample matrix after the components have been 
separated on the column in the acidic mobile phase before 
detection. This could be achieved by the post-column 
addition of strong alkali to the eluent. The effect on 
the sensitivity of the post-column addition of alkali to 
acidic compounds has been demonstrated by Clark and Chan 
[1861 who reported a 20 fold increase in the UV signal of 
barbiturates in the presence of alkali. Lee [1871 
detected warfarin and its metabolites in plasma by the 
post-column addition of triethylamine, which raised the pH 
prior to detection. The post-column hydrolysis of the 
acetoxy group present when carboxylic acids are labelled 
with 4-bromomethyl-7-acetoxy counarin to give 4-carboxy 
methyl-7-hydroxy coumarin was demonstrated by Tsuchiya 
(921. In all the cases above the reaction reached 
completion very rapidly. 
In the present study, an attempt was made to increase 
the pH of the eluent prior to detection by the post-column 
addition of alkali on the serine 
derivative. No 
fluorescence was obtained in the absence of alkali while a 
182 
weak signal was obtained when alkali was present (Fig. 
5.5). The sensitivity of the fluorescence detector was 
still much weaker however than the UV detector. 
In order to try to improve the sensitivity of the 
fluorescence detection, the flow rate of the alkali added 
was varied while the mixing coil was kept constant. The 
results (Fig 5.5 and 5.6) show that the fluorescence 
signal from the serine derivative was greater when the 
alkali was pumped at a flow rate of 0.3 ml min- 
1 (Fig. 
5.6) than when a faster flow rate of 0.9 nl min- 
1 
was 
used. When the alkali was pumped at 0.3 ml min-' the 
mixture took longer to reach the detector than at higher 
flow rates and hence spends more time in the reaction 
coil. The fact that a better fluorescence signal was 
obtained when the reaction mixture resided in the reaction 
coil for a longer reaction time suggested that the 
hydrolysis reaction is quite slow and would benefit from a 
higher residence time. 
This was further supported as a result of an 
experiment conducted using a stopped flow reaction, where 
the sample was injected into the Y Junction and the alkali 
and eluent f low stopped when the reaction mixture reached 
the detector. The fluorescence signal was monitored. 
Intensity increased with time indicating that a period of 
at least 10 minutes was needed before the signal reached a 
Maximum. 
This suggests that simple ionisation is not 
responsible for the fluorescence enhancement, since 
ionisation is a fast reaction. A slower reaction must 
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therefore be taking place between the alkali and the 
derivative to produce a highly fluorescent product. 
Previously (section 4.1) it was shown that alkali gave 
ring opening of the coumarin nucleus to form the cis- 
coumarinic acid anion. In the absence of light (section 
4.3.4) cis-coumarinic acid is not fluorescent but on 
prolonged treatment of the cis-product with alkali it 
isomerises to give the trans-coumaric acid anion which 
is highly fluorescent. The isomerisation can aso be 
brought about by the action of light on the cis-acid 
(section 4-1). Ring opening and isomerisation is a slow 
reaction and could thus account for the high residence 
time required for this reaction to go to completion. 
An attempt was made to alter the residence time of 
the reaction in the flow detector by varying the length 
and internal diameter of the mixinS coils. The range of 
the coils and their applications have been previously 
discussed in detail by Krull 11881 and Frei [1891. 
To investigate the effect of varying the length and 
i. d. of the post-column reactor coil. the fluorescence 
intensity was measured after mixing the serine derivative 
with alkali in a tubular reactor coil of 0.5 m length i. d. 
0.3mm as well as a knitted Teflon reactor coil of im 
length i. d. 0.15 mm (Fig. 5.6 and 5.7). The effect of 
knitting a reactor was to increase. the mixing of the 
reactants as well as decreasing peak dispersion. The 
advantages of using knitted reactors in maintaining the 
chromatographic resolution was demonstrated by Lilig and 
Engelhardt [1841 for the post-column derivatisation of 
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amino acids. They showed that the separation achieved was 
retained using the knitted reactor whereas the increased 
sample dispersion, causing the loss of resolution was 
observed using the other reactor. The results of the 
experiment showed that a higher fluorescence intensity was 
obtained in the tubular reactor compared to the knitted 
Teflon reactor but the peak dispersion was greater in the 
tubular reactor. Although, the knitted Teflon reactor was 
longer than the tubular reactor, it had a smaller internal 
diameter and a lower volume in the reactor and thus the 
residence time would be less. Hence the knitted Teflon 
reactor improved the efficiency of the separation but not 
the yield of the reaction. 
Next to improve the fluorescence enhancement the 
length and i. d. of the tubular reactor were varied. The 
serine derivative was mixed with alkali in a tubular 
reactor of 0.5 m length and 0.3 mm i. d. as well as 1n 
length and 0.6 mm i. d. tubular reactor (Fig. 5.6 and 5.8), 
The fluorescence intensity was 3 times greater in a longer 
tubular reactor (Fig. 5.8) than in the shorter reactor 
coil (Fig. 5.6). The fluorescence sensitivity was however 
still only comparable to the UV detector. 
To demonstrate that the long tubular reactor coil can 
be used for post-column mixing of alkali with a mixture of 
derivatives without loss. of resolution, a mixture of 6- 
coumarin sulphonyl chloride derivatives was 
chromatographed and mixed POst-cOlumn with alkali in a 
tubular reactor 1m length i. d. 0.6 mm (Fig. 5.9). 
Although the fluorescence sensitivity was slightly better 
I' 
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Fig. 5.9: Chromatogram of a Mixture of 6-CSCI Derivatives 
Mobile phase MeOH 20%: H20807. pH3.0 
Tubular Teflon Reactor length Im I. d. 0.6mm 
Alkali flow rate 0.3ml/min 
fluorescence Detector X=50 
UV detector A=0.08 
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than the UV, the peaks obtained tailed and were not very 
well resolved compared to the UV where reasonably sharp 
peaks were obtained. 
The slow kinetics of the reaction limit the post- 
column application of alkali to increase fluorescence 
detection. Increasing the length of the tubular reactor 
increases the sensitivity but not significantly. The long 
tubular reactor provides a residence time of 0.259 minutes 
while the reaction needs at least 10 minutes to reach 
completion. Hence a coil length of 38 m would have to be 
used to bring the sensitivity to the required level. 
Using a long reactor coil would however be accompanied by 
considerable peak dispersion which would result in a loss 
of resolution and intensity. The use of an air segmented 
reactor night perhaps be useful in providing a longer 
residence time required for the slow reaction between 
alkali and the derivative to take place. 
5.7.3 HPLG following hydrolysis, ur-ing ion-pair 
chromatography 
The result of work done on the POst-cOlumn addition 
of alkali to the serine derivative to enhance fluorescence 
(section 5.6.2) suggests that this technique is not 
suitable for this reaction. As an alternative samples 
might need to be hydrolysed by alkali in the presence of 
light prior to injection and separated as an ionised 
species in the form of an ion-pair with tetrabutylammonium 
chloride. Numerous applications of ion-pair 
chromatography to amino acid analysis have been discussed 
189 
t 
in the review by Hearn [1901. 
The theory of ion-pair chromatography has been 
discussed in the literature 1185olgl-1953. The selection 
and optimisation of conditions required to achieve 
reversed ion-pair chromatography i. e. the choice of column 
packing material, the selection and concentration of the 
counterion, the type and concentration of organic 
modifier, the effect of pH and the effect of temperature 
have been discussed by Gloor and Johnson 11831. Adam [1961 
and Hearn [1931. 
The effect of the pH of the nobile phase,. the 
concentration of the counterion and the organic modifier 
have been studied with pre-hydrolysed amino acid 
derivatives separated as an ion-pair with 
tetrabutylammonium chloride on a reversed phase ODS 
column. 
To demonstrate the effect of pH on the retention 
times of the derivatives, a sample of the alanine 
derivative was pre-hydrolysed by 0.1 X NaOH. It was 
chromatographed using eluents with different pHs, while 
the other chromatographic conditions remained unchanged 
(Fig. 5.10). The results show an increase in the 
retention time of the derivative with an increase in pH. 
The retention time tends towards a plateau above pH 8.0. 
At low pHs# the phenolic and carboxylic groups of the 
hydrolysed product are not ionised and hence cannot ion- 
pair with tetrabutylamm nium chloride. On increasing the 
pH, the retention time increases due to ion-pair formation 
between the carboxylic anion and the ion-pairing reagent 
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These results indicate that when using pre-hydrolysis 
coupled with the technique of ion-pairing the pH of the 
eluent should be maintained at the plateau of the curve 
where the retention time is constant, The shape of the 
curve suggests that the retention tine might increase even 
further above pH 8.5, but due to the instability of 
Hypersil C18 columns at high pH, this effect was not 
studied. The influence of pH on acidic molecules has been 
explained as being due to the difference between the pK a 
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and pH values. When the pK a<<pH of the aqueous phase, the 
solute will partition as an ion-pair. For pK, >>pH, acid 
solutes will partition as the free acids E1903. This 
effect has been studied for carboxylic acids 11971 and for 
amino acids 11981. 
To study the effect of the concentration of 
tetrabutylannonium chloride on the retention times, a 
sample of the alanine derivative was pre-hydrolysed and 
chromatographed using an ion-pair reagent concentration of 
0.1 X and 0.005 X while keeping the mobile phase 
composition constant. At a concentration of 0.1 X 
tetrabutylammoniun chloride the alanine derivative gave a 
broad peak at a retention time of approximately 13 minutes 
which decreased to about 9.5 minutes using a concentration 
of 0.005 X tetrabutylammonium chloride. 
The optimum concentration of counter ion is dependent 
upon several factors influencing the separation. In 
studies with, sulphonated dyes [1991 and catecholamines 
[1831 results indicated that above a certain counter ion 
concentration the retention time was decreased. The 
possible explanation for this may be that clustering of 
the counterion molecules begins to be significant as the 
reagent concentration is increased beyond a certain level. 
This. micelle formation reduces the efficiency of ion- 
pairing because fewer counter ion molecules can complex 
with the analyte. The optimum concentration will be 
dependent upon the efficiency of the ion-pair bond and the 
size of the counter ion. A 
high efficiency of ion-pairing 
and a large counter ion will favour partitioning onto the 
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stationary phase and hence increase retention. Gloor and 
Johnson [1833 showed that the Optimum concentration for 
larger counterions such as lauryl sulphate (C12) and cetyl 
(C16> trimethylammonium chloride is 0.005 M, while for 
smaller counterions such as heptane sulfanic acid an 
increase in the retention times of catecholamines was 
obtained for concentration of counterion up to 0.1 M 
[1833. 
After obtaining the suitable pH and concentration of 
tetrabutylammonium chloride, a mixture of the 6-coumarin 
sulphonyl chloride derivatives (after hydrolysis) was 
chromatographed using 30: 70 MeOH: (NH 4)2 HPO 4 buffer pH 8.2 
0.005 X tetrabutylammonium chloride (Fig. 5.11). Greater 
sensitivity was obtained with fluorescence detection 
compared to UV detection, however, the peaks obtained were 
broad and tailed indicating the need for a better eluent 
system. 
To improve the peak shape and the resolution, THF was 
added to the mobile phase. THF has previously been shown 
to improve the peak shape of components separated on 
reversed phase columns 12001. In this study 1% and 0.5% 
THF was added to the system and the effect on the 
resolution and peak shape of the 6-coumarinsulphonyl 
chloride derivatives determined. Glycine and alanine 
could not be resolved when 1% THF was added to the system 
(Fig. 5.12). A better resolution was obtained when the 
separation was slowed down and the peaks retained longer 
on the column. This was achieved by adding 0.5% THF to 
the system (Fig. 5.13). The peaks obtained in both cases 
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were still broad. 
Attempts were made to improve the peak shape of the 
derivative further through the use of acetonitrile as the 
organic modifier in the eluent instead of methanol (Fig. 
5.14). A narrow peak was obtained for the alanine 
derivative with a retention time of 8.2 minutes. Hence an 
aqueous acetonitrile system (20: 80 CH 3 CN: (NH 4)2 HPO 4 buffer 
pH 8.2 0.005M (Bu) 4N+ Cl-was used 
for the analysis 
and separation of 6-CSC1 amino acid derivatives. 
5.7.4 Analysis of 3 Component Xixtures 
After obtaining the optimal chromatographic system, 
the method was tested an the quantitative analysis of 
three amino acids. This was carried out by injecting 
various concentrations of a mixture of the derivatives of 
alanine, proline and serine (from 10 PPM to 0.5 ppm) and 
measuring the peak area. A calibration curve was then 
constructed by plotting the peak areas versus the 
corresponding concentration of the samples. 
The separation of the three components (Fig. 5.15) 
shows that alanine is retained the longest followed by 
serine and praline. The fluorescence intensity of the 
primary amino acids alanine and serine are similar while 
the intensity of the secondary amino acid praline is much 
lower. A linear response for the range 0.5 to loppm was 
obtained for the standard curves for aliphatic amino acids 
(Fig. 5.16). The curve for serine had the steepest slope 
followed closely by alanine and then praline. The 
relatively weak fluorescent nature of praline derivatised 
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with dansyl chloride as compared to other aliphatic amino 
acids has been previously shown by Chen 1233 who 
determined the quantum yields of various amino acids and 
obtained the lowest efficiency in proline. Similar 
findings were obtained for the derivatives of 6-coumarin 
sulphonyl chloride (section 4.3.12). 
5.7.5 Conparison of 6-counarin sulphonyl chloride with 
orthophthaldialdehyde (OPA) 
The sensitivity of the nethod of analysis using 6- 
CSCl was compared with that of a literature method of 
amino acid analysis using OPA under the same instrumental 
settings. 
Glycine was derivatised using OPA in the method 
described in section 5.6. Using the same concentration of 
glycine and the same amount of buffer the 6-CSC1 
derivative of glycine was prepared. 
The two derivatives were compared using CH 3 CN: H 20 
35%: 65% as the mobile phase. The detection wavelengths 
X 
ex 'ý 
340nm X em = 
455nm were used for the OPA glycine 
derivative. A sharp peak was obtained for the OPA glycine 
while the 6-CSCl derivative gave a broad tailing peak 
(Fig. 5.17). This is not surprising as the 
chromatographic conditions used for the experiment are 
favourable for the OPA derivative and not for the G-CSCl 
derivative. Based an the unfavourable chromatographic 
conditions for 6-CSCl glycine and 
the difference in the 
excitation wavelength used which will 
influence the amount 
of light shining on the sample, 
it was difficult to make 
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an absolute comparison of the two methods. 
The detection limitsof the 6-CSC1 derivatives were 
determined using static measurements (section 4.3.11), the 
detection limits ranged between 2.75 X 10-7M for the 
glycine derivative and 5.89 x 10-9M for the leucine 
derivative. The detection limit of OPA amino acids given 
in the literature 1201-2041 ranges between picomole and 
nanomole amounts. Based an these results, it can be seen 
that the detection limits of 6-CSC1 amino acids compare 
favourably with those of OPA amino acids. 
5.7.6 Com"rison of 6-CSC1 with dansyl, chloride 
The sensitivity of the method was then compared with 
that of dansyl chloride. Pure samples of dansylglycine 
and 6-counarinsulphanyl glycine (10ppm) were injected onto 
the column after being hydrolysed in 0.1 X NaOH solution 
for 60 minutes. 
A sharp peak was obtained for the 6-coumarin 
sulphonyl chloride derivative compared to the dansyl 
chloride derivative which gave a slightly tailing peak 
(Fig. 5.18a and b). 
The detection limits of the dansyl amino acid in 
-9 dioxane was about 10 X 1231, comparing this with the 
detection limit of the 6-CSC1 amino acid derivative 
(section 4.3.11) a similar range in sensitivity of the two 
methods can be obtained 
5.8 Conclusions 
The amino acid derivatives can be analysed by 
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reversed phase HPLC using UV as well as fluorescence 
detection. Using UV, a good separation can be obtained in 
aqueous methanol buffered to pH 3.0 with 0.0125 M KH 2 PO 4 
buf £er. 
Using HPLC with fluorescence detection, a signal could 
not be obtained under acidic or neutral conditions, as a 
high pH is required for the samples to be detected in the 
fluorimeter. Attempts to use the post-column addition of 
strong alkali to the derivative failed to significantly 
V 
increase the fluorescence, of the derivatives. 
The chromatographic separation using fluorescence 
detection was obtained by hydrolysis of the derivatives 
and ion-pairing with tetrabutylammonium chloride. 
Ammonium phosphate was used as a buffer in the ion-pair 
chromatography, instead of potassium phosphate as used for 
HPLC with UV detection, as it has been previously shown 
(1901 that better efficiency is obtained in the ion- 
pairing system with ammonium ions than with potassium and 
sodium ions. Aqueous acetonitrile gave a better peak 
shape for the derivative than aqueous methanol. 
Hydrolysis and the use of an ion-pair reagent gave better 
fluorescence sensitivity than UV. 
The linearity of this method was determined over the 
concentration range of 0-5-10. PPm of the aliphatic amino 
acids. 
Comparison of the method with OPA as well as dansyl 
chloride showed that a Comparable detection limit was 
obtained in both cases, 
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Chapter Six 
Study of optimum 
derivatisation conditions 
6.1 Introduction 
After developing the chromatographic method for use 
with UV detection (section 5.7.1) the method was used to 
determine the optimum derivatisation conditions. Optimum 
labelling conditions are those under which the amino acid 
most effectively competes for the limited amount of 
reagent. This includes the ratio of the amino acid to the 
label, reaction time, and correct pH, that will lead to 
the maximum yield of the derivatised amino acid and reduce 
or eliminate the formation of any side product. 
Since 6-coumarinsulphonyl chloride possesses the same 
reactivity group (-SO 2 Cl) as dansyl chloride, it is 
expected to show the same reactivity towards amino acids 
and phenols, 
The reaction rate of dansyl chloride with anino acids 
has been previously discussed in the literature 
125,205,206,2071 and is found to be dependent on the 
concentration ratio of dansyl chloride to the amino acid 
125,2051. For example, Needle and Pollitt 12051 found 
that the formation of dansylalanine was nearly 89% of the 
theoretical value when the ratio of dansyl chloride to 
alanine was 1.1: 1, the yield however dropped to 61% when 
the ratio was increased to 22: 1 [2051. This variation in 
yield was explained in terms of three competing reactions 
( 25,205,2061. 
The desirable reaction (reaction 1) is accelerated by 
high pH, but high pH also favours reaction 2, thus an ' 
optimum pH must be found., Reaction 3 leads to a 
decomposition of Dns-amino acids, hence reaction 
conditions must be obtained that minimise this reaction. 
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Derivatisation reaction of amino acids in the presence of 
excess dansyl chloride and high pH 
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The reactivity of amino acids and other bases towards 
dansyl chloride is mainly dependent upon their strength as 
bases [2061. In practical labelling experiments it is 
usual to add a several fold excess of reagent, and allow 
the unused label to hydrolyse, forming the sulphonic acid. 
Labelling of most amino acids, amines and phenols is 
optimal at pH 9.5 - 10.5 at room temperature. At higher 
pH values the reagent is hydrolysed too rapidly. At pH 
values lower than 8.0 the unreactive protonated form of 
amino group predominates and thus the reaction rate is 
relatively slower than the hydrolysis of the reagent by 
water [251. Changes of solvent alter the absolute 
reaction rate considerably, but makes comparatively little 
difference to the relative rates of labelling and 
hydrolysis and hence to the extent of labelling 12061. 
In this work, the effect of pH, ratio of 6-CSCJ to 
the amino acid, and the influence Of time on the reaction 
yield were studied. 
6.2 General experimental method 
The HPLC instrumentation was as described in section 
2.2.15. The eluent used was MeOH: KH 2 PO 4 buffer 0.0125 X 
pH 3.0 determined as described in section 5.7.1. For 
detection UV X= 254 nm was used. 10 Y1 of the sample was 
injected onto the columm. 
6.2.1 Xethod to determine optinuim reaction conditions 
The effect of the ratio of 6-CSC1 to ardino acid was 
studied as follows: - 
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A solution of serine (10 nM) was prepared in borate buffer 
(pH 8.5). Various concentration solutions of 6-coumarin 
sulphonyl chloride ranging from 10 mM to 100 mM were 
prepared in methanol. 1 ml of the different 
concentrations of 6-CSC1 was added to 1 ml of the serine 
solution and mixed in a vial. The mixture was left for 15 
minutes at room temperature. After 15 minutes, aliquots 
(10 pl) were removed from the reaction mixture and 
injected onto the column. 
To study the effect of pH serine solutions (10 nM) 
were prepared in various pH buffers ranging from pH 8, o to 
pH 10.0.1 ml of the serine solution of each pH was mixed 
with 1 ml of 6-CSCl (10 mM) in methanol and allowed to 
react for 15 minutes. Aliquots (10 pl) were removed from 
the reaction mixture and injected onto the column. 
To determine the optimum reaction time, solutions of 
various amino acids and p-cresol were prepared U mM) in 
borate buffer pH 8.5 and 6-coumarinsulphanyl chloride 
(2mM) was prepared in methanol. The reaction mixture 
consisted of the amino acid U mi, 1 mK), standard 
solution of benzamide (1 ml, 10 mM) and 6-CSCJ <1 ml, 2 
mX), Aliquats were removed from the reaction mixture at 
specific times and analysed by liquid chromatography. The 
same eluent as above was used for serine, alanine, glycine 
and proline. For 14@ucine the eluent used was MeOH: H 20 
55: 45. 
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6.3 Results and discussion 
6.3.1 Effect of PH 
The study of the optimum PH for the derivatisation of 
amino acid was carried out using serine (Fig. 6-1). The 
reaction yield was increased from 72% to 100% an 
increasing the PH from 8 to 8.5. The yield decreased to 
97% at PH 9.0 and remained constant up to PH 9.5. On 
increasing the PH further to PH 10.0, the yield of the 
reaction dropped to about 75%. The results suggest that 
the optimum PH for derivatisation of the amino acids at 
room temperature is between 8.5-9.5. This behaviour may 
be explained as being due to the protonation of the amino 
group at a PH below 8.5 and hence the reaction rate is 
relatively slower than hydrolysis of the reagent. At 
higher PH, the reagent is preferentially hydrolysed. In 
addition to hydrolysis at high PH, there is a possibility 
of ring opening of the coumarin nucleus (section 4.1). 
The ring opened product is not expected to be retained on 
the column and will thus elute with the solvent front. 
The co-elution of the ring opened product will thus result 
in a decrease in the yield of the derivative. A similar 
decrease in the yield of derivatives was previously noted 
for dansyl chloride 125,2061 but the optimum PH was 
different. 
6.3.2 Effect of ratio of the amino acid to the label 
The effect of concentration ratio of the label to the 
serine derivative was studied by fixing the concentration 
of Berine used and varying the concentration of the label 
208 
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Fig. 6.1: Effect of pH on Reaction yield 
of Serine Derivative 
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%J. v C. v 9.5 10.0 
pH 
such that the ratio of the amino acid to the label was 
varied between 1: 1 to 1: 10 (Fig. 6.2). The percentage 
yield of the reaction increased with an increase in ratio 
of the label to the a3nino acid and reached a maxinum at a 
ratio of 5 to 7: 1. The yield decreased to 80% when the 
ratio was 8: 1# this dropped further to 57.5% at a ratio of 
10: 1. The decrease in yield of the reaction may be 
explained as being due to the fragmentation of the 
derivatised serine in the presence of excess label, in a 
similar way to the dansylation reaction [2051. 
6.3.3 Effect of time 
Studies on the effect of reaction time on the yield 
of the derivatisation reaction were performed on various 
amino acids and on p-cresol. The results (Table 6.1 and 
Fig. 6.3) revealed that the reaction is faster with 
proline and that the slowest reaction is with p-cresol. 
For the aliphatic amino acids studied almost 100% 
conversion to the derivatised product is obtained between 
30 and 60 minutes. The yield decreased when the reaction 
was allowed to proceed for a longer time, The decrease in 
yield may be explained as being due to the decomposition 
of the derivative in a similar way to the reaction (3) 
(section 6.1) for the dansyl amino acids. There was 
evidence for the formation of 6-coumarinsulphonamide in 
the reaction mixture of all the amino acid derivatives, 
(Fig. 6.4a and b) in small quantities at the begining of 
the reaction and was in measurable quantities from 40 
minutes onwards, this could 
be due to the reaction (3) 
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Table 6.1 
Xinimum time required f or derivatisation of so3w 
amino acids 
Amino acid Reaction time 
minutes 
alanine 46 
glycine 45 
leucine 60 
proline 30 
serine 55 
p-cresol 90 
Serine conc.: lOmM 
c 
5( 
4C 
30 
20 
Fig. 6.2: Opfimum Ratio of Label to Serine 
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Fig. 6.4: Formation of Sulphonamide in the 
Derivatisation of Serine 
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explained above. 
The reaction rate for p-cresol was found to be slower 
than that of amino acids, Similar behaviour was shown by 
phenols towards dansylation 1111. 
6.4 Conclusion 
The reactivity of 6-CSC1 towards amino acids was 
similar to that of dansyl chloride reactions. The yield 
was found to be dependent on the concentration ratio of 
the label to amino acid, the pH of the reaction medium and 
the reaction time. The details of the fragmentation 
reaction of 6-coumarinsulphonyl chloride amino acid 
derivatives were not studied nor the influence of the 
parent amino acid an the fragmentation pattern. There was 
evidence for the formation of 6-coumarinsulphonamide which 
increased with longer reaction times. 
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Cbapter Seven 
Application of labelling with 6-CSCI 
and HPLC separation 
, 7.1 Introduction 
The development and refinement of high performance 
liquid chromatography in recent years has led to 
considerable interest in this technique as a means of 
accomplishing complex separations of biologically 
important compounds. Standard techniques for the 
separation of amino acids are complex, costly and by 
comparison with HPLC, time consuming. 
5-dimethylaminonaphthalene-l-sulfonyl chloride 
-, 
(Dns-Cl) reacts with both primary and secondary amino 
acids to yield highly fluorescent derivatives which have 
. 
been separated using thin layer E253 and column 
chromatography 11301. These derivatives provide high 
sensitivity and are stable over relatively long periods. 
The reactivity of Dns-Cl and 6-CSCJ towards amino 
acids is similar (see chapter 6) and the derivatives of 6- 
coumarinsulphonyl chloride are highly fluorescent under 
alkaline conditions. 
After establishing the optimum chromatographic 
system, the method has been applied to the analysis of a 
standard mixture of amino acids as well as the analysis of 
amino acids in biological fluids. The method has also 
been used for the analysis of phenolic compounds. 
, 7.2 General Xethod 
, 7.2.1 Preparation of the Derivatives 
a Standard amino acids 
The derivatives were prepared as described in section 
3.3.3. For the analysis of a standard of 18 naturally 
216 
occuring amino acids, the mixture (1 mi, 0.1 Y9/mI of each 
amino acid) in borate buffer pH 8.5 was nixed with an 
equal volume of 6-counarin sulphanyl chloride (0-1 mmole) 
in acetonitrile. 
Urine sanple 
For the analysis of amino acids in human urine a 
*single' fresh urine sample was collected and filtered. 2 
dilute samples of urine were then prepared. One sample Q 
ml) was diluted 10 times and the other 50 times with 
borate buffer (pH 8-5). To the diluted urine sample (1 
ml) was added 6-coumarinsulphonyl chloride (1 ml, 1 mg/ml) 
dissolved in acetonitrile. 
c cwange Juice 
Orange Juice (Kia-Ora, 1ml) was filtered and-then 
diluted 25 times with borate buffer pH 8.5. Sodium 
hydroxide solution (5 ml, 0.1 M) was added to adjust the 
pH to 8.5. The diluted solution U ml) was derivatised 
using rp-coumarinsulphonyl chloride <1 ml, 1 mg/ml) in 
acetonitrile and analysed as section 
7.2.3. 
Phenols 
A mixture of phenol, p-cresol and resorcinol 
containing 10 mM of each of 
the phenolic compounds (1 ml> 
was dissolved in borate 
buffer (pH 9.5) and derivatised 
using 6-counarinsulphanyl chloride 
dissolved in methanol 
(1 mi, 50 mM> for 2 hours and analysed as 
in section 
7.2.3. The label was dissolved in methanol for the 
217 
phenols because the phenolic compounds were separated 
using an aqueous methanol system unlike the amino acids 
which were separated using an aqueous acetonitrile system. 
7.2.2 Preparation of the sanple for chronatography 
After derivatisation, the samples were hydrolysed as 
previously described in section 5.5, but the samples were 
left in sodium hydroxide in the presence of light for 60 
minutes, after which they were neutralised. 
7.2.3 Chronatographic conditions 
The HPLC instrumentation was as described in section 
2.2.15. The method used for the analysis of amino acids 
was as described in section 5.5. For the phenolic 
derivatives the mobile phase used was 55% H 20: 45% MeOH pH 
8.0 0.005M (Bu) 4 
N+Cl- 
UV detection X abs ,,,: 
254nm 
Fluorescence detection X ex = 
364nm, >, 
em -2 
460nm. 
7.3 Results and discussion 
7.3.1 Separation of Standard Amino acids 
The application of 6-coumarinsulphonyl chloride in 
the analysis of amino acids was carried Out by 
derivatising and separating a standard amino acid mixture 
(Fig. 7.1). 
The by product of the derivatisation reaction, 
6-counarinsulphonic acid. is eluted very close to the 
. 
solvent front (Fig. 
7.1). A reasonably good separation 
was obtained f or 
the amino acids under isocratic 
218 
.2 =0 0 
2j 
-j co (n 
CL: 3 
CD 
V) 
2j 2j 21 
21 
r.: 06 C; 
CL 
-Hp ,> E 75 11 
I< 
U 
C 
U 
SI 
I- 
0 
Co 
(D 
IM 
U) 
CI) 
C, 4 
VM 
0 
pn 
cn 
10 
an 
45 
%b- 
, in 
0 - U- 
0 
conditions with an analysis time of 40 minutes. The fast 
eluting peaks are not widely separated while the longer 
retained ones from lysine up to phenylalanine (Fig. 7.1) 
are more widely separated. The aromatic amino acid, 
phenylalanine, was retained longest (about 40 minutes). 
The capacity factor of tyrosine <7.6) is much less than 
that of phenylalanine (25.6) which can be described as 
being due to the presence of a free hydroxyl group in the 
tyrosine molecule (Table 7.1). This evidence led to the 
suggestion that there is no formation of a bi-derivatised 
product in tyrosine. The capacity factor for tyrosine 
would have been expected to be greater had it been present 
in the bi-derivatised form. 
Each peak in the figure (7.1) represents 1 nanogram 
of the amino acid at half the maximum sensitivity of the 
fluorimeter. Duplicate analyses of samples derivatised as 
described yielded excellent reproducibility in terms of 
capacity factors. The average deviation in the capacity 
factor was : t4.85%. 
17.3.2 Separation of amino acids in human urine 
Having separated a standard mixture of amino acids, 
the method was tried f or the analysis of amino acids in 
biological fluids. This analysis is of paramount 
importance in clinical chemistry as much valuable 
information on the condition of a patient can be obtained 
by monitoring the level of certain chemicals in the body 
f luids. Possibly the most convenient source of such 
information is the urine, which can 
be readily obtained on 
1 220 
Table 7.1 
Retention times of standard amino acid derivatives 
Standard Retention time Capacity 
samples in minutes factor 
6-CSO 2H 1.5 0.060 
L-arginine 2.2 0.466 
L-cysteine 2.8 0.866 
L-threonine 4.0 1.666 
ammonia 4.3 1.860 
L-histidine 5.1 2.400 
L-proline 5.8 2.860 
L-serine 6.3 3.200 
, --glycine 
7.3 3.860 
L-alanine 8.1 4.400 
L-aspartic acid 9.7 5.460 
L-glutamic acid 11.1 6.400 
L-nethionine 12.1 7.060 
L-tyrosine 12.9 7.600 
L-tryptophan 15.8 9.530 
L-valine 16.5 10.000 
L-lysine 21.1 13.060 
L-isoleucine 26.5 16.660 
L-leucine 28.8 18.200 
L-phenylalanine 39.9 25.600 
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a day to day basis. The determination of amino acids in 
human urine has been previously carried out by a large 
number of workers and is given in the review by Hyanek 
12081. 
The analysis of amino acids in the urine sample 
diluted 10 times is shown in the chromatogram (Fig. 7.2). 
The method enabled the identification and detection of up 
to sixteen amino acids in the urine sample, but it was 
difficult to resolve threonine and ammonia. The co- 
elution of threonine and ammonia was previously noted in 
the analysis of the standard amino acid mixture (Fig 7.1). 
The chromatogram of a 50 times diluted human urine sample 
(Fig. 7.3) shows that better resolution could be obtained 
for the components present in high concentration. The 
resolution of threonine and ammonia was improved, but 
however, the improvement in resolution was accompanied by 
a loss in sensitivity, hence it was impossible to detect 
the long chain amino acids, which were present in small 
amounts. 
7.3.3 Analysis of glycine in dietetic beverage 
If a chromatographic system is to be used for 
quantitative analysis, the technique must be reproducible 
and give a linear response in the concentration range 
required. All amino acid 
derivatives tested gave a linear 
response-in the concentration range 
0.5-10 ppm (section 
5.7.4) and in this concentration range, the system could 
be used to obtain quantitative results. The 
r-aproducibility of the system was evaluated by inJecting 
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the standard mixture of amino acid derivatives an 
different days, and measuring the peak heights of the 
derivatives. The peak heights obtained on different days 
did not deviate substantially. The average deviation in 
the peak height was ±7.0%. 
Low calorie orange juice was derivatised with 6-CSCJ 
and then chromatographed for the analysis of glycine (Fig. 
7.4). Peak 1 and peak 2 were identified as 6-coumarin 
sulphonic acid and 6-coumarinsulphonyl chloride 
respectively. Peak 3 could not be identified, wh ile peak 
4 corresponds to the glycine present in the orange juice, 
confirmed by peak enhancement on further glycine addition. 
In order to obtain the anount of glycine present in 
the juice a calibration curve for 
From the calibration curve, the c, 
was obtained. Using the dilution 
content of the l. ow'calorie orange 
37.5 ppm. This value agrees very 
obtained by fluorescence analysis 
juice using fluorescamine [2091. 
glycine was constructed. 
oncentration of glycine 
factor, the glycine 
juice was determined as 
well with 37.6 ppm 
of glycine in orange 
, 7.3.4 Separation of phenolic derivativer. 
Having analysed and separated amino acids. the method 
war-, tried for the analysis of phenols. 
A mixture of 
phenol, p-cresol and resorcinol 
was derivatised and 
innalysed 
(Fig. 7.5). The first two peaks eluting very 
close together are 
6-cou marinsu 1 phonic acid and 
6-counarinsulphonyl chloride 
followed by derivatised 
resorcinol, phenol and p-cresol, 
The UV chronatogram also 
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Fig. 7.4: Analysis of Glycine in Dietetic Beverage 
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contained the peaks corresponding to underivatised 
resorcinol, phenol and p-cresol with the retention times 
of 3.9.7.2 and 12.8 minutes respectively. The retention 
tizoes of the derivatised phenols, by product of the 
reaction and starting materials are given below (Table 
7.2). 
The effect of substituents on the elution order of 
phenolic compounds have been studied by Burtscher et al 
[2101 who showed that if phenol is considered as the basic 
unit, then a further hydroxy group in the ring decreases 
the retention time (e. g. phenol and resorcinol), whereas 
M)ethyl, ethyl, methoxy and ethoxy groups increase the 
retention time. 
- Next, an experiment was performed on the hydrolysis 
products Of the derivatives to find out whether the 
. 11caline conditions would affect the ester linkage or just 
the coumarin nucleus. A standard mixture of separately 
prepared and purified derivatives of phenol, p-cresol and 
resorcinol (10 ppm each) was chromatographed after 
hydrolysis in the same way as for the reaction mixture 
<Fig. 7.6). Absence of the peaks at retention tines of 
3.9,7.2 and 12.8 minutes showed that the standard mixture 
of phenolic derivatives 
does not contain any free 
rer, orcinol, phenol and p-cresol and 
hence suggests 
I, ydrOlysir. does not occur at 
the ester linkage. 
7.4 C'3uc3LUsic3n 
The results of these experiments suggest that 
6-, cou3marinsulphanyl chloride can 
be used as af luarigenic 
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Table 7.2 
Retention times of Standard Phenolic derivatives 
Standard 
SaLmple 
6-. counarin sulphonic, acid 
6-. Coumarin sulphonyl chloride 
]Resorcinol 
]phenol 
P-Cresol 
Retention Capacity 
time in minutes factor 
1.91 1.00 
2.50 1.31 
3.41 1.78 
5.10 2.68 
6.60 3.47 
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label in the HPLC analysis of amino acids and phenols. 
The label could also be used in the analysis of amino 
acids in biological f luids. It was possible to use the 
label for quantitative as well as qualitative work. 
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Cbapter Eigbt 
Thin layer chromatography of 
6-coumarinsulphonyl chloride derivatives 
8.1 Introduction 
Thin layer chromatography is a simple, rapid, 
versatile, sensitive and inexpensive analytical technique 
for the separation of substances. Separation of the 
products of an organic synthesis nay be carried out in two 
ways. The reaction products nay be spotted onto a TLC 
plate and developed in a suitable solvent system [2113 or 
the reaction may be carried out on the plate and the 
reaction mixture separated at the completion of the 
reaction. Rf values, the ratio of the distance from the 
origin to the centre of the separated zone divided by the 
distance from the origin to the solvent front, of the 
different components of the mixture often serve as their 
separate qualitative identities. 
In TLC a quantitative determination of the products 
or starting materials is made directly on the plate, by 
means of densitometry or indirectly by scraping the 
individual spots from the plates and extracting with a 
suitable solvent prior to the determination of the 
fluorescence characteristics of the components. In 
densitometry, the difference in intensity between the 
incident light and the reflected or trani3mitted light is 
measured. One obvious problem with this method is the 
high background signal which often affects the accuracy 
and detection limits. 
Luminescence measurements are more precise and 
sensitive. By comparison of the fluorescence properties 
of the sample extracted from the TLC plate with those of 
the standard, up to microgram amounts of sample can be 
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determined. Unfortunately, this procedure of removing a 
compound by scraping and elutIng Is no longer satisfactory 
because it is time and labour consuming and subject to 
systematic losses E1111. It also has the disadvantage of 
poor reproducibility 11111. 
The direct fluorimetric determination of fluorescent 
substances an the plate is more precise. quick and has 
enabled the estimation of nanogram amounts of components 
12121. The technique has been further extended by Stanley 
E2131 to include the use of labels to convert non- 
fluorescent compounds into fluorescent derivatives. The 
limitations of TLC fluorescence measurements and means of 
overcoming them are given in the literature (11,12). 
Since the introduction of phosphorimetry as an 
analytical technique by KierB, Britt and Wentworth 12141 
numerous workers have shown pbosphorimetric measurements 
to be extremely sensitive and selective. The selectivity 
of the technique has been improved further by combination 
with thin layer chromatography. Applications of the 
combined technique have included the determination of 
bipbenyl in oranges. polycyclic aromatic hydrocarbons. and 
p-nitrophenyl in urine and is given in the review by 
Schulman 1711. In each case. however, the oampla had to 
be eluted from the thin layer before measurement. 
Phosphorescence spectra at 77K have been observed from 
materials adsorbed on a variety of supports Including 
silica# alumina, papert asbestos and glass fibres after 
immersion in liquid nitrogen in the conventional Dewar 
flask 1711. Phosphorimetric determinations an thin layer 
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plates resulted from the work of Gifford 11171 who 
described a device capable of scanning thin layer 
chromatographic strips at 77K for directly measuring 
phosphorescence emission. Gifford et al 12151 described 
the construction and evaluation of this scanning thin 
layer single disk multislot phosphorimeter and gave an 
expression relating the dimensions of the single-disk 
phosphoroscope to the measured phosphorescence intensity. 
The potential application of the device was demonstrated 
by separation of sulfamerazine, sulfamethazine and 
sulfadiazine by thin layer chromatography followed by 
qualitative and quantitative estimation. In this 
technique, the sample strips are cooled by conduction 
which has the advantage over the use of a Dewar flask that 
the number of layers of silica through which radiation 
must pass is reduced, the absence of liquid nitrogen in 
the light path also reduces scatter. The construction and 
use of an improved thin layer phosphorimeter and the 
effect of solvent enhancements on thin layer 
phosphorimetry were described by Miller [1201. Using this 
device a complete characterisation of the luminescence 
properties of the chromatographically separated solutes 
could be obtained. Various compounds were examined, among 
which were 4-aminobenzoic acid, phenobarbitone, N-methyl 
phenobarbitone, chlorpromazipe hydrochloride and several 
sulfonamides. They showed that the phosphorescence 
intensities of a variety of adsorbed materials are greatly 
increased by spraying the chromatography medium with a 
suitable solvent (e. g. ethanol) immediately before 
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examination. The determination of nanogram concentrations 
of diazepam, nordiazepam in blood, plasma or urine based 
on TLC separation with phosphorimetric, spectral 
characterisation was carried out by Strojny et al E2161. 
Al-Mosawi [217,1 determined 6-mercaptopurine and its 
metabolites by thin layer phosphorimetry where low limits 
of detection were obtained in many cases. 
This chapter describes the TLC separation of amino 
acid derivatives of 6-counarinsulphonyl chloride. The 
separated compounds were detected using UV, The 
application of thin layer phosphorimetry to the standard 
mixture of amino acids was carried out. Phosphorescent 
spectra measured directly an the thin layer chromatography 
plate were compared with that in solution. 
8.2 General Nethod 
Thin layer separations were carried out as described 
in section 2.1,12. 
a. TLC with UV detection 
TLC with UV detection was carried out using a mixture 
of 6-CSCl derivatives UOmM). The sample was applied to 
the plate as described in section 2.1.12. The development 
systems used were 
A. CHC1 3 38: EtOH 4: AcOH 
2 
B. CHM 3 3: tbuOH 3: AcOH 1 
TLC plates with fluorescent indicator were used 
for this separation. The detection wavelength used was 
'\abs 254 nm. 
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b. TLC with phosphorescence detection 
The thin layer phosphorineter described in section 
2.1.13 was used and the experimental procedure described 
in section 2.1.14 followed. For one and three component 
separations, TLC plates without fluorescence indicator 
were used. The detection wavelengths used were X ex 
319 nm 
and X 497 nm, em. 
Pure leucine and ammonia derivatives were separately 
applied to the plate and developed as described in section 
2.1.12 and detected as described in section 2.1.14. A 10 
ppm solution of the derivatives in ethanol was used. 10 
yl samples were applied in all cases in the form of a 
band. The solvent system used was CHM 3 10: EtOAc 10: MeOH 
4.5: AcOH 0.5. The three component mixture separated 
consisted of serine, glycine and leucine derivatives (10 
ppm each) was applied and developed on the plate as for 
the one component system. A standard mixture of 18 amino 
acids was derivatised <1 yg of each amino acid) and 
applied to the plate. The separation was carried out on 
an HPTLC plate without fluorescent indicator, using a 
bidimensional technique. 
For two-dimensional TLC separations the solvent 
systems used were: 
a. Development 1 benzene 16: pyridine 4: acetic acid 1 
b, Development 2 CHCl 3 70: benzyl alcohol 30: acetic acid 3 
The plate was reactivated in the oven at 110*C for 10 
minutes following the first separation. 
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8.3 Results and discussion 
8.3.1 TLC with UV detection 
The 6-coumarinsulphonyl chloride reaction mixture was 
separated by thin layer chronatography using CHCl 3 38: EtOH 
4: AcOH 2 and CHM 3 3: tbuOH 3: AcOH 1. Using the first 
solvent system (fig. 8.1) some of the derivatives were 
well separated while others overlapped. Histidine and 
glutanic acid, threonine and cysteine, alanine and valine 
derivatives could not be separated. The Rf values of the 
derivatives are given below (table 8.1). 
As with the first solvent system, it was not possible 
to separate all the amino acids in the Mixture using the 
second solvent system (fig. 8.1). The pairs of 
derivatives of aspartic acid and glutamic acid, threonine 
and histidine, glycine and arginine, phenylalanine and 
ammonia and valine and isoleucine overlapped. Using UV 
detection the derivatives in the concentration range of 1 
mX could be detected. 
8.3.2 Thin layer phosphorimetry of one component analysis 
After separating the derivatives by TLC with UV 
detection, the combination of TLC with phosphorescence was 
investigated. Leucine and ammonia derivatives were chosen 
and the thin layer strip scanned while fixing the 
phosphorescence excitation and emission wavelength (fig. 
8.2a and b). The phosphorogram of one component analysis 
shows that the derivatives could be detected directly on 
TLC with phosphorescence at 77K. The separation was not. 
accompanied by any scattering as would have been expected 
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Table 8.1 
Rf values of 6-CSCI derivatives on TLC 
Derivative CHM 3 3: tBuOH 3: CHCl 3 38: EtOH 4: 
AcOH 1 AcOH 2 
6-CSO 2H baseline baseline 
6-CSO 2 NH 2 0.76 not determined 
alanine 0.68 0.63 
arginine 0.55 not determined 
aspartic acid 0.24 0.22 
glycine 0.55 0.56 
histidine 0.47 0.18 
isoleucine 0.82 0.71 
leucine 0.85 0.65 
phenylalanine 0.77 0.83 
proline 0.66 0.78 
serine 0.38 0.34 
threonine 0.47 0.15 
tyrosine 0.72 0.42 
valine 0.81 0.62 
cysteine not determined 0.15 
glutamic acid 0.23 0.15 
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for measurements Performed using a plane surface which are 
generally accompanied by scattering due to reflection. 
8.3.3 Thiu layer phosphorinetry of three Component 
analysis 
Having separated and detected one component using TLC 
with phosphorescence detection, the system was used to 
separate three component amino acids (fig, 8.3a). A 
reasonably good separation was obtained for the 
derivatives with samples of approximately 1x 10-7 g. The 
detection limits were however not determined. 
The reproducibility of the system was then checked 
and found to be good (fig. 8.3b). 
8.3.4 Thin layer phosphorinetry of 18 conponents 
A mixture of 18 amino acids was derivatised and 
chromatographed as previously described (section 8.2). A 
phosphorogram of the separated amino acids (fig. 8.4) 
shows that the mixture was well resolved and 14 components 
could be detected in the mixture. From the Rf values 
previously calculated the individual peaks could be 
identified. 
8.3.5 Luminescence spectrum of alanine derivative on 
TLC plate 
The spectrum of the alanine derivative was measured 
on the TLC plate (fig. 8.5) to compare it with the 
luminescence spectrum of the derivative in ethanolic 
aolution (fig. 4.32). The luminescence spectrum of the 
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derivative an the plate gave a broad phosphorescence 
spectrum at X em 
502 nm. Comparing the luminescence 
characteristics in ethanolic solution, the derivative gave 
two peaks in the phosphorescence spectrum at x em 
485 nm 
and X 500 nm em 
8.4 Conclusion 
TLC can be used as a separation technique for 6- 
coumarinsulphonyl chloride derivatives. The separated 
components can be detected using UV as well as 
phosphorescence. The application of thin layer 
phosphorimetry to the derivatives shows promising results 
in the separation of a mixture of amino acid derivatives 
on HPTLC plates. 
244 
Cbapter Nine 
General discussion and conclusion 
9.1 General Discussion and Conclusion 
Although a number of luminescent labels for the 
determination of organic molecules have been reported in 
the literature, many of these are rather expensive, 
difficult to make and have found application only in 
fluorimetry. 
In this work, labels based an coumarins were 
synthesised. Coumarin and its many derivatives are easily 
obtainable and have long been known to exhibit 
luminescence. Coumarin is easily available, it is cheap 
or can be cheaply synthesised. The labels could easily be 
prepared in a reasonable state of purity and nay find 
application in phosphorimetry as well as fluorimetry. 
Of the three labels synthesised i. e. 6-CSC1,4- 
methyl-6-CSC1 and 7-methyl-6-CSC1 only 6-CSCl and its 
derivatives have been studied in detail. On making a new 
label, it is of interest to assess its properties to see 
how closely it has met the criteria of an ideal label 
(section 1.4.2). 
To date, no label synthesised fulfils the criteria of 
an ideal derivatising reagent and the same is true of 6- 
CSC1. Although quantitative derivatisation has been 
achieved using 6-CSCl at room temperature in aqueous 
acetone systems (pH 8.5-9.5), the reaction rate is not 
fast enough for use in post column HPLC analysis. The 
pure derivatives of most amino acids could easily be 
extracted from the reaction mixture using diethyl ether. 
It was also easy to separate excess reagent from the 
product using TLC or HPLC. The luminescence properties of 
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the derivatives met well with the requirements of an ideal 
label, having excitation wavelengths well above 330 nm and 
emission wavelengths higher than the background 
fluorescence of solvents. The derivatives are stable 
under dry conditions and possess a reasonable molar 
extinction coefficient and a large Stokes shift. The 
derivatisation reaction of 6-CSC1 is, however, not 
specific, with both phenolic and amino groups reacting. 
Furthermore the reaction with amino acids is probably 
accompanied by fragmentation in excess reagent (see 
chapter 6). The excess label as well as the by-products 
of the derivatisation reaction are fluorescent and hence a 
separation process is an essential part of any analysis. 
6-CSCl and its derivatives are not fluorescent at 
room temperature under neutral conditions. On addition of 
alkali in the presence of light, ring opening and 
isomerisation of the coumarin nucleus takes place to 
produce a highly fluorescent product. The initial product 
of ring opening is the cis-product (X ex 
380 nm and X em 
500 nm). On prolonged treatment with alkali in the 
presence of light the trans-product is produced (X ex 
364 
nm X 474 nm). em 
The fluorescence intensities of 6-CSC1 amino acid 
derivatives have been enhanced considerably by the 
presence of A-cyclodextrin. whereas (x-cyclodextrin has 
very little effect. Fluorescence wavelengths as well as 
intensity have been influenced by the solvents used. 
In the fluorimetric analysis of amino acids and 
phenols, 6-CSC1 has been used as a pre-column 
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derivatisation reagent, followed by hydrolysis and ion- 
pair HPLC. An 18 component mixture of amino acids could 
be separated on a reversed phase column. Quantitative 
analysis may also be possible using this label. 
Luminescence studies of the label and its derivatives 
at 77K revealed that the label was both fluorescent and 
phosphorescent at X ex 
326 nm and X em 
375 nm and X em 
504 nm 
respectively irrespective of the pH of the medium. The 
phosphorescence intensity was found to be greater than the 
fluorescence. 
In phosphorimetric analysis, the label has found 
application in thin layer phosphorimetry. 14 amino-acids 
of the 18 component mixture could be separated and 
detected at 77K. Furthermore, the luminescence properties 
of the derivatives could be measured directly on the TLC 
plate at 77K. 
Since 6-CSC1 possesses the same reactivity as Dns-Cl 
it is of interest to compare the properties of the two 
labels and their derivatives. Both labels are stable at 
room temperature under dry conditions, but undergo 
hydrolysis to their respective sulphonic acids when stored 
for long periods. The reaction pattern towards amino 
acids is very similar for both labels. The reaction is 
slower for phenols compared with amino acids. The 
fluorescence properties of the derivatives are influenced 
by the type of solvent used: generally, the intensity 
increases with a decrease in solvent dielectric constant 
and the emission wavelength is blue-shifted. The 
detection limits of the amino acid derivatives of the two 
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labels using static fluorescence measurements are 
comparable. 6-CSCl however suffers a disadvantage in that 
its derivatives require alkali and light in order to 
fluoresce at room temperature. As the alkaline hydrolysis 
of the coumarin nucleus is time dependent, the precise 
timing required for the reaction would affect the 
convenience and the reproducibility of the analysis. 
Unlike DnsC1 6-CSCl can be used in phosphorimetric 
analysis: this might prove advantageous in terms of 
sensitivity and selectivity. 
Further work needs to be c. arried out in developing 
labels based on coumarins which would exhibit room 
temperature phosphorescence (RTP). The speed, simplicity, 
sensitivity and selectivity of RTP should make the 
technique applicable in a variety of areas and should 
avoid many of the problems associated with LTP, It is of 
interest to develop labels that would react with the 
analyte rapidly and woula be applicable to HPLC and TLC 
analysis. 
Application of the other two labels synthesised i. e. 
7-methyl-6-CSC1 and 4-methyl-6-CSC1 needs to be studied 
and their luminescence properties need to be investigated. 
Preliminary studies of the fluorescence properties at room 
temperature revealed that 7-methyl-6-CSC1 showed 
fluorescence under neutral conditions in methanol. It is 
possible that the amino and phenolic derivatives might 
exhibit fluorescence under neutral conditions and would 
thus avoid the need to hydrolyse the counarin nucleus. 
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